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Reaction controls at work in space — symbolized. 


STEERING GEAR FOR ASTRONAUTS 


Conventional aircraft control surfaces will not guide 
space ships and capsules. Rudders, ailerons and ele- 
vators find no resistance and hence produce no 
reaction to their movements where there is no atmos- 
phere. Even at altitudes only half way up, they are 
sluggishly ineffective. 

The accepted answer to a dependable steering mecha- 
nism for astronauts is a system of jet reaction controls 
developed and produced by Bell Aerosystems Com- 
pany. First used on Bell’s own supersonic X-1B 
several years ago, the system has been greatly improved 
and adopted for the X-15, the Mercury man-in-space 
project and other space vehicles. 

Through strategically located, low and high thrust (1 to 


1500 pound) rocket engines, Bell's reaction controls 
not only position and guide the ship by controlling the 
roll, pitch and yaw, but they also provide for orbit 
changes and retro-thrust. Some of the jets are throttle- 
able while others can be operated in combination to 
provide the astronaut positive and flexible control. 
This revolutionary steering gear for space, available 
using monopropellants or high energy bipropellants, 
is just one of many advanced projects which are 
currently engaging the diversified talents of Bell 
Aerosystems Company in the fields of rocketry, avi- 
onics and space techniques. Engineers and scientists 
seeking challenging, long-range career opportunities 
can find them at Bell. 


BELL AEROSYSTEMS COMPANY 
BUFFALO 5, N.Y. 
DIVISION OF BELL AEROSPACE CORPORATION 


Successor to the Defense Group of Bell Aircraft Corporation 
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with its capacity for total Communications-ITT is helping to disk our rapidly expanding Universe! 


Communications can be briefly defined as the business of getting information 
from Here to There—and from There to Here. Every improvement in Com- 
munications brings Here closer to There. And that’s the business ITT is in— 
narrowing the gap between Here and There, whether There is a nearby 
city or a nearby planet. 

ITT is the worldwide communications and electronics organization. ITT 
is muscled by 7,200 scientific idea-exchangers and 130,000 other em- 
ployees in 24 countries. And they‘re all gap-closers, the lot of them. Be- 
cause of them, Here is practically on top of There, and Today is breathing 
down the neck of Tomorrow. And our world is smaller, and richer, for it. 


Name it. If it’s a Communications system other than smoke signals, the 
ITT organization is set to invent it, develop it, equip it or oversee its installa- 
tion anywhere in the world. When it comes to research and development 
of electronic complexities like trans-satellite television, worldwide... 
when it comes to air and marine communications equipment and systems 

. when it comes to data processing and data transmission systems or 
military- -space electronics...when it comes to bringing Here closer to There 
and thereby making our world smaller...you come to ITT. 7 

International Telephone and Telegraph Corporation, 

67 Broad Street, New York City 4, New York. 
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The national security need for Space Technology Leadership 

Space is a medium in which many military missions can be most effectively performed @ The U. S. arsenal of ballistic missiles —in 
being and forthcoming — the Air Force Thor, Atlas, Titan, and Minuteman, the Navy Polaris, and the Army Jupiter, are all designed 
to deter the outbreak of a nuclear World War III or to retaliate overwhelmingly if it should occur @ If our ballistic missiles are to 
realize their greatest potential in carrying out their dual task, they must be supported by a number of companion space systems 
for such missions as early warning, reconnaissance, communications, navigation, weather forecasting. Space Technology Labora- 
tories is proud of its contributions to the national space effort as a principal contractor in carrying out major programs for the Air 
Force Ballistic: Missile Division, National Aeronautics and Space Administration, and Advanced Research Projects Agency ®@ The 
increasing scope of STL’s activity is opening up exceptional opportunities for the exceptional scientist and engineer, who will find 
creativity given encouragement and recognition in an organization synonymous with Space Technology Leadership. Resumes and 


inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. p. 0. Box 95004, Los ANGELES 45, CALIFORNIA 


Los Angeles * Santa Maria * Edwards Rocket Base *« Cheyenne Cape Canaveral * Manchester, England * Singapore * Hawaii 


/ 


2 Astronautics / October 1960 


Mel 


Wil 
We: 
Part 


Los 


6 
AS 
Pa. 
pos 
by 
Yo 
the 


Editor 
IRWIN HERSEY 


Managing Editor 
JOHN NEWBAUER 


Associate Editor 
STANLEY BEITLER 


Art Director 
JOHN CULIN 


Editorial Adviser 
MARTIN SUMMERFIELD 


Consulting Editors 


EBERHARDT RECHTIN, Electronics 
GEORGE C. SZEGO, Space Flight 


Contributors 
Andrew G. Haley, C. P. King, George F. 
McLaughlin, J. M. Pustilnik, Stanley Sarner 


Contributing Artists 
Mel Hunter, Fred L. Wolff 


Correspondents 
William R. Bennett, Washington; Eric Burgess, 
West Coast; Yoshiko Miyake, Japan; Glauco 
Partel, Europe; A. R. Shalders, Australia; 
Martin Caidin 


Advertising Sales Manager 
OWEN A. KEAN 


Advertising Promotion Manager 


ROBERT M. LAMB 


Advertising Production Manager 
WALTER BRUNKE 


Advertising Representatives 

New York: D. C. EMERY & ASSOC. 
400 Madison Ave., New York, N. Y. 
Telephone: Plaza 9-7460 

Los Angeles: JAMES C. GALLOWAY & CO. 
6535 Wilshire Blvd., Los Angeles, Calif. 
Telephone: Olive 3-3223 

Chicago: JIM SUMMERS & ASSOC. 
35 E. Wacker Drive, Chicago, Ill. 
Telephone: Andover 3-1154 

Detroit: R. F. PICKRELL & V. PURCELL 
318 Stephenson Bldg., Detroit, Mich. 
Telephone: Trinity 1-0790 

Boston: ROBERT G. MELENDY 

17 Maugus Ave., Wellesley Hills 81, Mass 
Telephone: Cedar 5-6503 

Pittsburgh: C. F. LIVINGSTON 

17 Canterbury Road, Pittsburgh 2, Pa. 
Telephone: Poplar 6-8634 


ASTRONAUTICS is published monthly by the American Roc h Society, Inc., 
Pa, New York 36, N. Y. 

., With additional entry at New York, N. Y. 
© Copyright 1960 by the American Roc ket Socie ty, Inc. 
., at least 30 days prior to publication. 


, U.S.A. Editorial offices: 500 Fifth Ave., 
postage paid at Easton, Pa. 
by 132.122. 
York 36, N. Y 
the Society 


Astronautics 


A PUBLICATION OF THE AMERICAN ROCKET SOCIETY INC. 


October 1960 


volume number 10 


EDITORIAL 
21 The Second Renaissance Howard S. Seifert 
BALLISTIC-MISSILE DEFENSE 
23 Preface 
24  Ballistic-Missile Defense: 


William R. Hutchins 


The Problem 
Brig. Gen. Austin W. Betts 


William R. Hutchins 
Allen F. Johnson 
Ward Low 

_ John W. Bond Jr. 


25 Radar Systems . 

28 Interceptor Vehicles 
32 Novel Approaches . 
34 The Necessary Physics 


35 The Choice of Defense 
Richard D. Holbrook and Joseph F. Gross 


ASTRONAUTICAL REPORT—Part 6 (Conclusion) 


36 Observation Satellites: Problems and Prospects 


Amrom H. Katz 


NEWS 


16 New York Selected as Site for 1961 IAF Congress 


DEPARTMENTS 
6 Astro Notes 54 ARS News 
14 For the Record 58 On the Calendar 
16 International Scene 64 Missile Market 
18 Careers in Astronautics 92 New Products 
52 People in the News 96 Index to Advertisers 


and the American Interplanetary Society at 20th & Northampton Sts., Easton, 
Price $9.00 a year; $9.50 for foreign subscriptions; single copies $1.50 Second-class 
This publication is authorized to be mailed at the special rates of postage prescribed 
Notice of change of address should be sent to ARS, 500 Fifth Ave., New 
Opinions expressed herein are the authors and do not necessarily reflect those ot the Editors or of 


October 1960 / Astronautics 3 


‘in 

ed 

to 

ns 

ra- 

Air 
he 

nd 

nd 

11A 


NO 
Test Proven 


a 
b 
le 
V 
0 
k 
] 
t 
] 
( 


the 
* 
& 
4 : > ’ 
. 
’ 
: 
A 
4 
@ 
Ps 
( 
‘ 
~ 
ey 


Marquardt Provides Unique Advanced Materials 
and Structures Capability for Space-Age Demands 


Seamless spun tungsten rocket nozzles have 
been developed and produced by Marquardt’s 
Advanced Materials and Structures Department. 
Capable of withstanding the severest combus- 
tion environments, these test proven nozzles 
exemplify Marquardt’s continuing materials and 
structures state-of-the-art advances. In other 
critical areas, too, Marquardt’s unique ability to 
combine metallurgy and advanced processing 
methods is producing heretofore impossible-to- 
form space age hardware. 


Marquardt’s consistent break-throughs in the 
ultra-high temperature areas of refractory 
metals, gradated resistant coatings and metal 
reinforced ceramics provide customers with a 
proven record of materials engineering and 
processing progress. 

At Marquardt, “materials” application does not 
lag behind design requirements. When design 
engineers demand fabrication or utilization of 
metals, alloys, and ceramics that will withstand 
the stresses, strains, and erosion of elevated 
temperatures, Marquardt provides not only the 
technical answers, but the products themselves. 


Fifteen years technological experience gained 
in research, development and production of 
chemical and electrical power systems for 
atmospheric and space flight, are important 
benefits offered by Marquardt engineers. This 
leadership combined with extensive modern 
facilities, provide Department of Defense and 
Weapon Systems Managers with a unique capa- 
bility for research, development and production 
of reliable high temperature materials and 
structures. Detailed information about Mar- 
quardt’s experience, facilities and services may 
be obtained by writing Bill O’Connor, The 
Marquardt Corporation, 16555 Saticoy Street, 
Van Nuys, California. 

Engineers and scientists experienced in these 
or related fields will find it rewarding to discuss 
their career futures with Marquardt. The com- 
pany’s growth is a parallel to the atmosphere of 
challenge and rewarding accomplishment that 
has existed since the firm’s beginning. 


SPIN FORGE (TOP) — Capable of exerting an accurately 
controlled million pounds working force, this Spin Forge 
cold-flow forms seamless components up to 5 feet in 
diameter and 15 feet long. 


40 KW PLASMA JET (CENTER) — Temperatures up to 
30,000°F generated by plasma flame may be used for 
applying ceramic, metal or cermet coatings. 


TM-1 TEST MACHINE (BOTTOM) — The auto-dynamic ele- 
vated temperature testing machine conducts tensile, 
creep, stress-rupture, compression tests of metals at tem- 
peratures up to 3,500°F. Programming of mission 
load-temperature-time parameter may be performed. 
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Astro notes 


MAN IN SPACE 

© The decisive success of the sec- 
ond Soviet spaceship in August has 
given the Russians a commanding 
lead over the U.S. in the race to 
put man in space. The five-ton 
spacecraft returned to earth within 
six miles of the selected landing 
point after 24 hr in orbit. It re- 
turned the first living organisms 
from orbit: Two female dogs 
(Belka and Strelka), 40 mice, two 
white rats, and a number of insects, 
plants, seeds, fungi, cancer cells, 
bacteria, and samples of human 
skin. 


¢ The Russian shot came at least 
six months ahead of a similar or- 
bital attempt with the Project Mer- 
cury capsule, but officials of NASA’s 
Space Task Group suggested the 
Russian lead may be as great as a 
year. They point out that the Rus- 
sians appear to be taking bigger 
individual steps with each shot, and 
that their program is more direct 
than Mercury. NASA officials 
doubt if the Russians will bother 
with manned ballistic flights, for 

example, and they would not be 

surprised to see the Soviets orbit 
an astronaut this fall. 


e Interesting new information on 

the construction and operation of 
| “Spaceship II” was released by the 

Russians. Its two main components 

are an instrumented compartment 
| weighing about 3250 Ib and a pres- 
surized space cabin of about 5500 
| lb. The latter contains an internal 
capsule which may ejected 
| through a manhole, thus serving as 
| a reserve landing system. Its prin- 
| cipal purpose, however, appears to 
| be emergency escape for the as- 
tronaut in event of booster mal- 
function on takeoff. Thus it would 
be equivalent to the escape rocket 
system of the Mercury capsule. 
Belka and Strelka occupied the 
escape capsule along with a dozen 
mice and the other biological ex- 
periments. The two rats and the 
remaining 28 mice rode in the main 
space cabin. 


e The re-entry operation was. ini- 
tiated by a retrorocket located in 
the instrument compartment. After 
the spaceship achieved its descent 
trajectory, the compartment was 
jettisoned and allowed to burn up 
in the denser layers of the atmos- 
phere. A “special braking system” 
retarded the speed of the airtight 
cabin as it entered the atmosphere. 
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Barometric switches ejected the 
manhole lid from the cabin at an 
altitude of 23,000-26,000 ft and 
the capsule was catapulted out. 
Its landing speed was about 22 fps, 
while the cabin impacted at 33 fps, 
both presumably using parachutes, 
although this was not disclosed by 
the Russians. 


® Other impressive aspects of the 
spaceship were the first use of real- 
time TV broadcasts from orbit and 
the comprehensive list of experi- 
ments aboard the space cabin to 
gather data on the peculiar effects 
of space radiation and weightless- 
ness on living organisms. Studies 
will include metabolic changes in 
the dogs, their immunological reac- 
tions, changes in the blood and 
marrow of the mice, the survival 
time for individual cells in space, 
and detailed radiation studies with 
fruit flies and seeds of wheat, corn, 
and peas. 


¢ NASA continued to move ahead 
with its plans for the second gen- 
eration Apollo spacecraft. In a 
meeting with 450 industry repre- 
sentatives at Langley Field, Va., 
it set October 10 as the deadline 
for proposals to perform six-month 
design studies of the spacecraft, 
which will have a weight of 10 to 
15 tons. NASA expects to award 
three or four feasibility study con- 
tracts for Apollo, and anticipates 
selection of a hardware contractor 
for the spacecraft about 1962 and 
the start of active flight testing 
about 1965. 


® Capt. Joseph Kittinger, USAF, 
set a new altitude record of 102,- 
800 ft for a parachute jump, top- 
ping his own previous mark of 76,- 
400 ft. He fell 17 miles before his 
main chute deployed at 17,500 ft. 
Kittinger’s terminal velocity was 
450 mph, reached 18 sec after he 
jumped from the open gondola of 
his balloon, but his velocity dropped 
steadily as he entered denser air, 
averaging only 211 mph over the 
entire 4 min 38 sec of free fall. 
He reported that he could control 
his altitude perfectly by simply ex- 
tending one of his feet a few inches, 
initiating a rotation of his body. 


SATELLITES 


e After 16 months of frustration, 
the Air Force rang the bell twice 
in eight days: It recovered two 
Discoverer re-entry capsules and 
thereby broke the toughest bottle- 


neck of the Samos reconnaissance 
satellite program. The recovery 
technique will permit a 10- to 100- 
fold increase in the amount of raw 
pictorial data which the spy satel- 
lites can handle because they will 
no longer be restricted to TV relay 
of information. The increased flow 
of data through physical recovery 
of film emulsions will also permit a 
relaxation of the requirement for 
stabilization and pointing accuracy 
of the Samos system. 


e Lt. Gen. Bernard A. Schriever, 
Air Research and Development 
Command Chief, said Discoverer 
firings will continue at a rate of 
two a month through most of 1961, 
with a total program objective of 
35 missions. He believes an initial 
recovery average of 50 per cent 
will be achieved and that this can 
be substantially improved with fu- 
ture shots. An animal recovery 
will be attempted with Discoverer 
XVI, scheduled for this month. 
The subject will be a female rhesus 
monkey weighing 4-6 lb. 


¢ Tiros II may provide a unique 
service for expeditions heading into 
the Antarctic late this year by sup- 
plying a map showing distribution 
of pack ice in the region. Its find- 
ings could be relayed by radio to 
ships in the area and could prove 
invaluable aid to vessels lacking 
helicopters to look for open leads 
through the ice. The second 
weather satellite is also scheduled 
to provide “real-time” information 
to the Air Weather Service for the 
preparation of high-altitude weather 
maps. 


e Tiros’ successor, the 650-lb Nim- 
bus, will have three separate TV 
cameras. to photograph  35-deg 
strips of the earth’s cloud cover, 
plus an “electrostatic camera” to 
take a continuous picture of a 40- 
mile strip of the earth as it rolls 
beneath the satellite. (The latter 
will store its information by elec- 
trostatic means rather than on a 
conventional magnetic tape, NASA 
officials explain.) To be launched 
into a polar orbit next year from 
Vandenberg, Nimbus will be sta- 
bilized and will be able to rotate its 
two panels of solar cells in any di- 
rection to catch the sun’s energy. 


® Lockheed has received a $75 
million, AF contract to develop a 
data readout and control system for 
the Discoverer, Midas, and Samos 


Project Echo’s Station in Space... 
® 


SAT 


“3 
“‘Satelloon" is a registered trademark of G. T. Schjeldahl Co. 


The Project Echo “Satelloon” provided dramatic proof of 
Schjeldahl’s ability in the field of ‘‘space inflatables.” 


Schjeldahl experience in this field includes the design, construc- 
tion and flying of hundreds of superpressure balloons, clear, 
metallized and with the efficient corner reflector. Schjeldahl 
balloons have been used as targets and decoys, and in 
radar calibration, communications relays, wind tracking and 
general meteorological investigations. 


EFFICIENT CORNER RE- 
FLECTOR in Schjeldahl 
Schjeldahl offers complete balloon flight services, plus 


ae experience in designing and building air-supported 
Radomes, inflatable solar collectors and complete 


INFLATABLE SOLAR COL- miniaturized telemetering equipment, including: 


LECTORS are another ex- 
ample of Schjeldahl pio- 
neering in the field of 


“space inflatables.” e Flight Programmers e Radio Command Systems 


e Barometric Transducers  Superpressure Gauges 
“GIVE US A CHALLENGE...’ 
. and we will give you what you want. Our 
pioneering in the field of ‘space inflatables’ has 
led to the development of miniature electronic 


e Micro-Barometers 


equipment, Schjelbond thermoplastic adhesive, PROOUCTS ee 
special laminations and laminating techniques. omorrow’s 
If you have a problem in any of these areas, we G.” . Schjeldahl Co. seer 
would be happy to talk it over with you.” «sans ie 


J NORTHFIELD, MINNESOTA 
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programs. Lockheed will assemble 
a team of contractors to provide 
hardware and furnish technical as- 
sistance for ground stations (pre- 
sumably those announced for Don- 
nelly Flats, Alaska, and New Bos- 
ton, N.H.). It is believed these 
stations are required primarily for 
ground support of Samos and will 
be responsible for TV readout of 
pictorial data and for programming 
Samos photographic activities on 
future orbits. 


¢ In another action apparently re- 
lated to the Samos program, Lock- 
heed gave Avco a $967,000 con- 
tract to develop a re-entry heat 
shield for a new AF recovery ve- 
hicle. Presumably, this vehicle 
could be used to return exposed 
film to recovery zones. According 
to one report, the system will uti- 
lize a special drag-brake technique 
developed by Avco. 


e AF missed on its first attempt to 
orbit an Army Courier communica- 
tions satellite in August and ex- 
pects to try again this month. The 
flight failed because of a premature 
shutdown on the Thor engine, and 
was the first failure in three at- 
tempts with the Thor-Able-Star 
launching vehicle. The Courier 
itself weighs 500 Ib and measures 
51 in. in diam. Its outer surface is 
almost covered with 19,200 solar 
cells. Its 20 communications chan- 
nels are to have a transmission ca- 
pacity of 68,000 words a minute, 
at the same time receiving and 
storing on magnetic tape a like vol- 
ume of traffic. 


e The Navy is working on an 
aircraft-launched satellite system 
called “Caleb” which is to be ca- 
pable of putting a 10-lb satellite 
in a 1000-mile polar orbit, or a 
15-lb satellite in a 300-mile orbit. 
In operation, an F4D or F4H would 
fire the 300-lb four-stage launch- 
ing rocket at 25,000 ft altitude, 
with the spin-stabilized fourth stage 
timed to fire at the apogee of the 
shot. The project is an outgrowth 
of work begun several years ago at 


NOTS. 


COMMUNICATIONS 


e After five failures, AF success- 
fully tested its “Project Tattle Tale” 
technique for emergency wartime 
radio communications. Using a 
three-stage Spaerobee rocket, it sent 
a 47-lb package to an altitude of 
300 miles at the Eglin Gulf Test 
Range. In the package was a tape 
recorder which broadcasted a voice 
message over ultrahigh frequency 
(UHF); it was received over a 
maximum distance of 1400 miles. 
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In the event Argus-type nuclear ex- 
plosions were used by an enemy 
to overwhelm high-frequency radio 
communications, Tattle Tale could 
be used as a countermeasure to re- 
lay vital commands to SAC bomb- 
ers, and particularly the command 
to continue their missions beyond 
the “fail safe” point. AF research- 
ers envisage an operational system 
which would have a 1000-mile alti- 
tude and a positive range of 2500 
miles. 


e Echo I, the biggest, brightest 
U.S. satellite to date, was still hold- 
ing its spherical shape a month 
after launching, although it ap- 
peared to be wrinkling because of 
the loss of internal pressure. The 
100-ft, 136-Ib aluminized mylar 
sphere successfully survived the 
Perseid meteorite shower shortly 
after it entered orbit, and also man- 
aged to survive the steep tempera- 
ture changes between sunlight and 
darkness when it began to enter 
the earth’s shadow after 10 days in 
orbit. The severe temperature 
changes (from —80 to +240 deg) 
have apparently broken the storage 
batteries, but Echo’s two pie-plate 
radio beacons can_ still transmit 
when in sunlight. NASA said the 
sphere continues to serve as an 
excellent communications reflector 
despite the wrinkling of its skin. 


@ The latest communications satel- 
lite proposal comes from MIT’s 
Lincoln Lab. Called “orbital scat- 
ter,” it involves strewing millions of 
tiny metallic fibers in a belt several 
thousand miles above the earth. 
The fibers, half an inch long and 
one-third the thickness of a human 
hair, would behave like dipole an- 
tennas and reflect radio waves in 
the frequency ranges above those 
reflected by the ionosphere. W. E. 
Morrow Jr., who proposed the tech- 
nique, said a spacing of 1000 ft 
between the orbiting particles 
would be sufficient for communica- 
tions relay purposes. 


SPACE SCIENCE 


© One important mission of the 
1000-ft radar now under construc- 
tion near Arecibo, Puerto Rico, will 
be determination of the rotational 
rate of Venus. This can be achieved 
if Venus has a nonuniform surface 
beneath its cloud layer. The huge 
instrument will form a segment of 
a sphere rather than the conven- 
tional paraboloid and will have a 
movable feed suspended 435. ft 
above the wire mesh of its bowl. 
To be built and operated by Cor- 
nell Univ. under ARPA direction, 
the chief function of the 18-acre 


instrument will be the detailed in- 
vestigation of the earth’s ionosphere 
by radar pulses. It will also be 
used as a radio telescope for pas- 
sive studies of the planets and 
radio stars. 


e NASA selected 25 top scientists 
to serve as consultants in five fields 
of space sciences. Among the se- 
lections were: Astronomy, Dirk 
Brower; Ionospheric Physics, Rob- 
ert A. Helliwell; Lunar Sciences, 
Harrison Brown, Maurice Ewing, 
Thomas Gold, and Harold C. Urey; 
Particles and Fields, Bruno Rossi, 
James Van Allen, and John R. 
Winckler; and Planetary and Inter- 
planetary Sciences, Gerald Kuiper, 
Edward P. Ney, and Joshua Leder- 
berg. 


¢ The Navy announced it will fire 
a series of Arcas rockets to measure 
ozone at 45-mile altitude over the 
Pacific Missile Range. The rockets 
will be launched from Eniwetok 
and from Kauai, Hawaii, in studies 
of large-scale circulation patterns 
over the earth’s surface. The 
measuring instruments will be re- 
turned by a 15-ft parachute coated 
with a layer of silver to facilitate 
radar tracking. 


NUCLEAR PROPULSION 


® The long and thorny negotiations 
between NASA and AEC over 
Project Rover organization finally 
paid off last month. The two agen- 
cies announced the creation of a 
joint Nuclear Propulsion Office 
(NPO) to be headed by NASA’s 
Nuclear Propulsion Chief, Harold 
Finger. The arrangement leaves 
AEC with control of reactor devel- 
opment but gives NASA control of 
the non-nuclear components of the 
Rover rocket engine and the flight 
vehicle. Clearly dissatisfied with 
the arrangement was Sen. Clinton 
Anderson, Chairman of the Joint 
Atomic Energy Committee. He 
wanted AEC to take over the whole 
project, pick an industrial contrac- 
tor immediately and push a crash 
program to fly a nuclear rocket in 
1964. 


¢ The Rover program of Harold 
Finger will be somewhat more re- 
strained than the one sought by 
Anderson. It is geared to a first 
flight-test date of 1965, probably 
as the orbital stage of a C-2 Saturn. 
Selection of a contractor will be 
deferred until early 1962, when the 
Kiwi-B series of Rover test hard- 
ware is scheduled to prove the fea- 
sibility of the pump, pump drive 
and nozzle and pressure chamber 
cooling with cryogenic hydrogen. 
NASA will shortly issue preliminary 


ADVANCED 
EXPLOSIVE 
TECHNOLOGY 


Safe/Arm Systems 


TINS 


Exploding Bridgewire Systems 


Safe/Arm Initiators & Igniters 


For rocket, missile and space vehicle applica- 
tions. 


Exploding Bridgewire Systems 


Applicable to separation, thrust termination, 
rocket ignition and an unlimited variety of 
other critical functions. 


Gas Generators (hot & cool gas) 

For actuation of APS, APU, CAD; floatation sys- 
tems; system pressurization; ignition of liquid 
propellants; operation of hydraulic systems and 
re-entry attitude control systems. 


Explosive Bolts 


For release and separation requirements; thrust 
reversal and termination; destruct. 


Pressure Cartridges & Igniters 


Gas Generators 


Pressure Cartridges 


Operation of release and separation systems; 
linear rotary actuators; pressurization of 
all systems with high-energy, hot-propellant 
gases. 


Igniters 
For solid and liquid propellants. 


initiators 

(squibs, primers & destructors) for the initia- 
tion of pyrotechnics and high explosive trains, 
and all other explosively operated or actuated 
devices. 


Hi-Pressure Electric Terminals 


to introduce electrical leads into pressure 
vessels, rocket motors and bomb chambers. 


Available immediately, for a wide variety of applications, are a family of controlled 


explosive products. The units are compact, lightweight, rugged and reliable. 


Mebormick Selph Associates 


ORDNANCE 


HOLLISTER AIRPORT/ HOLLISTER, CALIFORNIA: 
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design-study contracts for the 
Rover engine, but will delay award 
of vehicle systems studies until the 
flight-test program is decided, i.e., 
whether it will involve a ground- 
launch motor, an upper-stage motor 
or an orbital launch stage. 


e NASA awarded Plasmadyne a 
$200,000 contract to develop a 1- 
kw electric arc-jet rocket motor for 
attitude control of space vehicles. 
The device will produce an electric 
are to heat a propellant to 4000 
F, exhausting it through a rocket 
nozzle. 


e A nuclear-electric rocket may be 
flight-tested before the Rover heat- 
transfer system, although no _pro- 
gram has been established to ac- 
complish _ this. According — to 
NASA’s Harold Finger, a 9000-Ib 
spacecraft using an electric motor 
powered by the 30-kw Snap-8 gen- 
erating system could deliver 4500 
Ib to Mars, including 2500 Ib of 
payload. It should be possible to 
flight test such a system in 1964 if 
a reliable electric accelerator is 
available, according to Finger, who 
suggests that the nuclear-electric 
stage could be delivered into orbit 
by an Atlas-Centaur rocket. 


UPPER ATMOSPHERE 


e ONR will launch a series of 
small, high-altitude Ozare (Ozone- 
Arcas) sounding rockets from Pt. 
Mugu, Eniwetok, and Kauai 
(Hawaii) this fall to measure the 
concentration of ozone in the 
earth’s atmosphere. The presence 
of ozone in the atmosphere and the 
relative ease with which it can be 
detected make it an ideal “tracer” 
for the study of large-scale circula- 
tion patterns. The single-stage 
solid-propellant Arcas rocket will 
be used to boost nose-cones con- 
taining sensors to an altitude of 
about 45 miles in the experiments. 


e IGY satellite and radio observa- 
tions indicate that, for some un- 
known reason, the over-all density 
of the upper atmosphere is roughly 
twice as great in December as it is 
in June. The effect is believed to 
have some relation to the location 
of the earth relative to the sun and 
possibly to the earth’s position rela- 
tive to the solar equator. 


BALLISTIC-MISSILE DEFENSE 


10 


e The question of whether the 
Army’s Nike-Zeus will become the 
North American Air Defense Com- 
mand’s anti-missile missile is likely 
to be decided after a series of tests 
slated to get under way in the 
Pacific early next year. Zeus will 
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be tested initially at Pt. Mugu and 
later will be fired from the Kwaja- 
lein Island area against Atlas 
ICBM’s launched by the AF from 
Vandenberg AFB. 


e The first tactical configuration of 
Zeus was launched successfully 
early in August from White Sands. 
The canard-controlled missile _ is 
guided by four fins on the third 
stage. 


e Western Electric has received a 
total of $22 million in Army con- 
tracts for development of manu- 
facturing techniques and equip- 
ment that will make possible 
volume production of critical Zeus 
components if the system is author- 
ized. 


e ARPA has awarded the first con- 
tract conected with installation of 
facilities for Project Press (Pacific 
Range Electro-Magnetic Signature 
Study), an experimental program 
in the detection and indentification 
of ballistic-missile warheads, in- 
volving experiments with radar sys- 
tems of advanced design and other 
sensing devices. The $1 million 
contract, for submarine cable sys- 
tems linking Kwajalein and Roi- 
Namur in the Marshall Islands, 
went to Western Electric. 


MISSILES 


e AF selected Hercules Powder to 
build the third stage of Minuteman. 
Loser was Aerojet-General, which 
is building the second-stage engine. 
Thiokol is responsible for the first 
stage. AF also has accepted the 
first production model of Minute- 
man’s inertial guidance system from 
North American Aviation. The 
system will be subjected to high- 
speed rocket sled tests at Holloman 
after integrated tests with the com- 
plete Minuteman guidance and 
flight control equipment. AF plans 
to use an Autonetics guidance sys- 
tem on the first flight test of an all- 
live Minuteman late this year. 


¢ The remaining three launch po- 
sitions of the first Atlas squadron 
at Warren AFB, Wyo., have been 
turned over to SAC. Built in a soft 
6 x 1 in. arrangement (six launch 
pads clustered around a single ra- 
dio aiming net), the initial Warren 
squadron is similar to the first op- 
erational squadron at Vandenberg 
AFB, Calif. Warren will later re- 
ceive two more Atlas squadrons 
with nine pads each. 


R&D 


General Electric has received 
more than $1 million worth of 


plug-nozzle R&D contracts from 
AF, out of Edwards AFB. Several 
contracts are involved, with re. 
search centering on thrust vector 
control as applied to solid rockets 
(GE’s plug-nozzle work for NASA 
has all been on liquid rockets) and 
on evaluation of alternate  con- 
figurations of the nozzle. 


© With the awarding of a $151/, 
million contract to GE’s Defense 
Systems Dept. to develop and in- 
stall its Mistram system near 
AFMTC’s Cape Canaveral Missile 
Test Annex, the AF took steps to 
provide a_ trajectory-measurement 
system commensurate with the 
needs of coming classes of space 
vehicles as well as missile systems, 
Mistram is a radio interferometer 
with 10,000- and 100,000-ft base- 
lines, made possible by the work 
of DSD’s Lewis J. Neelands on 
phase stabilization of electrical 
links between outlying receivers 
and a central station that provides 
real-time data outputs. Mistram 
will have essentially hemispherical 
coverage for ranges greater than 
1000 miles tracking the 
transponder on a vehicle moving 
at velocities as high as 50,000 fps. 
This is the kind of tracking system 
that should be able to help control 
the re-entry of lunar and interplane- 
tary vehicles, as well as follow them 
with great precision. GE engi- 
neers commented that the initial 
system would be able to track a 
vehicle with a 14-in. flush-mounted 
antenna to a distance of the moon. 
The initial system should be ready 
for evaluation tests in January 1962, 
according to GE, with a more ad- 
vanced installation, incorporating 
the initial one, planned as a suc- 
cessor. As geographical position- 
ing of Mistram introduces the sec- 
ond greatest uncertainty in _ its 
measurements—the first being the 
uncertainty in the free-space veloc- 
ity of light-GE has proposed to 
the AF a satellite that would refine 
Mistram positioning. 


MATERIALS 


e With the support of ARPA, 
Northwestern Univ. will establish a 
materials research center as_ part 
of the Technological Institute on 
its Evanston campus, groundbreak- 
ing for $7 million in new facilities to 
begin by next spring. The aim 
will be to study properties and be- 
havior of metals, semiconductors, 
plastics, and ceramics and to ad- 
vance scientific and enginecring 
competence in this field. ad 
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As principal instrumentation contractor for Project Rover, 
EGRG is already at grips with the central problems of 
nuclear propulsion for deep outer space exploration. 

A control, instrumentation and data acquisition system 
designed and operated by EG&G is of basic importance in 
the full-scale testing of Rover’s KIWI prototype engines, 
designed by the Los Alamos Scientific Laboratory. 

The EG&G system is being effectively applied to the 
solution of problems of heat transfer, neutronics, 

fluid dynamics and general control. 


EG&G instrumentation is also at work in the application 
of nuclear energy to industrial uses (Gnome) and in the 
international program for detection of nuclear explosions 
(Vela). In oceanography, EG&G equipment is probing 
the ultimate ocean depths. 


If you are interested in doing truly significant work with 
a vigorous, young organization of recognized professional 
stature, send your confidential resume to: 
Lars-Erik Wiberg, 168 Brookline Avenue, Boston 15, Mass. 
For a copy of “EG&G CAPABILITIES”, 
write Dept. MDA, at the same address. 


EDGERTON, GERMESHAUSEN & GRIER, INC. 
BOSTON + LAS VEGAS + SANTA BARBARA 
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A Mayor Advance in Gyroscope Technology 


New Honeywell Gas 
Greatly Improves 


Combining advanced production techniques with a revolutionary 
design concept, Honeywell engineers have produced a miniature 
floated integrating gyroscope which uses a self-pressurizing film 
of gas in place of ball bearings. This new gyro will operate without 
failure for years, while giving measurements many times more 


accurate than the best conventional floated gyros. 


These unretouched photos show noise reduction accomplished by 
Honeywell's new gas bearing gyro. Bearing noise gives an accurate 
indication of bearing uncertainties. Photo at left shows screen of a 
panoramic sonic analyzer displaying the output from acceleration-type 


Five years of research and engineering 
effort at Honeywell have culminated in 
the successful development, test and pro- 
duction of the first miniature floated rate 
integrating gyro with gas bearing spin 
motor. Even the finest ball bearing spin 
motor suspension places limitations on 
gyro life and performance. In Honey- 
well’s new gas bearing MIG the conven- 
tional ball bearing spin motor has been 
replaced with a completely new gas bear- 
ing spin motor. Tests show that the new 
gyro will operate reliably for years in- 
stead of months, while performing many 
times as well as existing gyros. 
Although the sole purpose of a gyro- 
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scope is to measure angular motion, ex- 
isting gyros also respond to vibration and 
to other phenomena such as changes in 
temperature and pressure. These vari- 
ables produce unwanted torques that in- 
terfere with the true angular motion 
torque signal. For systems requiring 
great accuracy, the need to reduce these 
torques has become more urgent than 
ever. 

Two kinds of unwanted torques pre- 
sent the most serious obstacles to gyro 
accuracy. These are friction torque, which 
masks some of the lower-level true gyro- 
scopic torque and thereby limits the 
threshold capability of the gyro—and 


pickoffs attached to conventional inertial-grade floated gyro (GG49) 
spin motor mount. Photo at right shows same set-up operating at 
same gain, displaying noise output from spin motor mount of this 
new gyro. Noise reduction is about 30 to 1. 


unbalance torque, which appears as an- 
gular motion or drift. 

The development of floated gimbals 
greatly reduced the problem presented by 
friction torque. For example, flotation 
of more than 99% of the gimbal weight 
has now reduced friction to about 0.001 
dyne-centimeters. 

Unbalance torques are most often asso- 
ciated with the spin motor and spin motor 
bearings. There are four primary areas 
in which the gas bearing gyro offers ap- 
preciable advantages in minimizing the 
following uncertainties: 

1. Torques resulting from mechanical 

rectifications of vibrations set up 
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Bearing Gyro 
Reliability, Performance 


throughout the bearing. 

2. Torques resulting from movement 
of the ball retainers and shifts of 
balls in the raceway. 


3. Mechanical hysteresis resulting from 
material damping and ball slippage. 


4, Deformations resulting from stresses 
imposed on the balls by various mo- 
tions of the gyro. 

To the extent that these torques are reg- 
ular and, within a given gyro, repeatable, 
it is possible to balance them out by 
trim adjustments. But there still remain 
some that cannot be compensated for be- 
cause they are inconsistent. These are the 
torques that establish the true uncer- 
tainty level of the gyro and set its drift 
pattern. It is in improved control of 
these torques that the gas bearing spin 
motor has made its remarkable contri- 
bution. 


The gas bearing eliminates the balls 
and retainers, substitutes viscous damp- 
ing for hysteresis damping, and reduces 
to near zero, deformations resulting from 
thermal expansion. With this new spin 
motor, bearing noise is reduced by a 
ratio of 30 to 1, as shown in the unre- 


Ceramic Gimbal and spin motor of Honeywell's 
new GG124 Gas Bearing Gyro. Extreme hard- 
ness, great dimensional stability, and stiffness of 
this new ceramic material permits gyro to operate 
for years without failure, while performing many 
times better than conventional gyros. 


touched photographic records of the 
sonic analysis on the page at left. 

The development of a miniature gas 
bearing spin motor to be housed in a 
gimbal as small as that of the Honeywell 
MIG was no simple task of scaling down 
a larger gas bearing motor. Gas does not 
exhibit the thin film lubricant properties 
of oil, and it will serve as an adequate 
bearing lubricant only if the bearing 
geometry is proper. A gas bearing de- 
pends upon viscous shear which drags 
the gas down a narrow passageway where 
it is squeezed through a wedge-shaped 
area. As the gas is squeezed, its pressure 
increases so that it will support a load. 
In the journal bearing, the load auto- 
matically produces the “wedge’’ area. 

While the gas bearing spin motor is 
running, there is no contact of the bear- 
ing elements, and wear is virtually elimi- 
nated. However, there is some surface- 
to-surface contact on starting and stop- 
ping, and for this reason great care had 
to be taken in the choice and develop- 
ment of the material. The critical factors 
were dimensional stability, hardness, 
stiffness and cleanability. Honeywell en- 
gineers worked out a solution that has 
resulted in a gyro that shows no measur- 
able wear after several thousand starts and 
stops. 

Honeywell has accomplished a major 


breakthrough with the development of 


the miniaturized ceramic spin motor and 
shaft. The extreme hardness of this new 
material requires that it be finished with 
special diamond tooling. This new ce- 
ramic material has great dimensional sta- 
bility over a wide temperature range and 
throughout a long life. The ceramic is 
extremely stiff—another advantage, par- 


Engineers and Scientists 
Explore the professional opportunities at 


Honeywell. 


Cutaway drawing of Honeywell's new GG124 
Gas Bearing MIG. The ceramic spin motor is 
located in the floated ceramic gimbal at right. 
Running at 24,000 RPM, the spin motor is sus- 
pended on a self-contained film of gas less than 
50 millionths of an inch thick. The GG124 
weighs 8 ounces and measures 2.8” long by 1.8” 
in diameter. 


ticularly for a bearing shaft. 

The stability of this new ceramic also 
makes it more attractive than metals for 
use in other parts of the gyro such as the 
gimbal, the coil cup, and the encapsula- 
tion for the stator. 

Contamination has always been critical 
in the manufacture of floated gyros. With 
extremely small clearances in the gas 
bearing spin motor, a one-micron dust 
particle (39.37 millionths) cannot be tol- 
erated. Ceramic parts can be cleaned with 
an acid which dissolves everything but 
the ceramic, allowing improved produc- 
tion cleaning and assembly techniques. 

The GG124 will have far-reaching ap- 
plications. It is a logical outgrowth of 
Honeywell’s scientific and technical 
strength, its systems engineering, and its 
ability to complete the cycle from re- 
search through production quickly and 
effectively. Write: Minneapolis-Honey- 
well, Dept. AG-10-158, 2600 Ridgway Rd., 
Minneapolis 13, Minnesota. 


Honeywell 


Pradits- Group 
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For the record 


The month’s news in review 


Aug. 1—DOD releases first photos of “flying saucer,” Aug. 13—Army announces completion of year-long proj- 
Avrocar, being tested by AF and Army. ect of mapping lunar-landing sites and possible 
bases. 


Aug. 2—Sounding rocket Strongarm soars to 300-mile 


altitude before fifth-stage failure. Aug. 15—AF plans to ring earth with reflecting metallic 


Aug. 4—Pilot Joseph A. Walker jockeys X-15 to new belt of tiny antennas to relay radio messages. 
speed mark of 2196 mph. —Capt. Joseph W. Kittinger Jr. makes record 
—U.S. awards $1,000,000 posthumously — to 83,000-ft free fall at about 320 mph after soar- 
rocket pioneer Robert H. Goddard for infring- ing by balloon to 103,000 ft high. 
ing Aug. 16—IAF XIth Congress opens in Stockholm. Rus- 
—Navy fires Polaris 1300 miles, its longest flight sia refuses to join newly formed Intl. Academy 
yet. of Astronautics and Institute of Space Law, 


(See page 80.) 


Aug. 5—Latest IGY data indicate that upper atmos- 


phere’s density becomes twice as great in De- Aug. 18—AF Discoverer XIV is launched into polar 
cember as in June. oobilt. 

—Prof. Vladimir V. Belcussov of the U.S.S.R. 
is elected president of the Intl. Union of Geod- 
esy and Geophysics. 


Aug. 19—Soviets orbit 5-ton and more earth satellite, 
carrying two dogs, Strelka and Belka, and TV 
equipment. 

Aug. 9—AF Atlas with dummy warhead is shot 7000 


ioe —AF C-119 makes mid-air catch of Discoverer 


XIV capsule. 

Aug. 10—AF launches Discoverer XIII orbit. 

—Army successfully fires new Nike-Zeus_ of turned alive after 17 trips in earth orbit. 

Canard design. 

Aug. 22—Smithsonian Astrophysical Observatory re- 
ports that solar pressure is pushing Project 
Echo’s perigee 1'/, miles closer to earth every 


Aug. 11—AF retrieves 300-lb capsule ejected by orbit- 
ing Discoverer XIII satellite. 


Aug. 12—Project Echo I, 100-ft diam inflatable balloon 24 hr. 
satellite, is launched into earth orbit, and —ITT Labs designs manned-vehicle monitoring 
bounces recorded message of Pres. Eisenhower's ground system for ARDC to check pilot and 
between stations in Goldstone, Calif., and Holm- aircraft, such as X-15. 
del, N.J. 
X15 te talon to of 191.000 Aug. 27—NASA plans to launch Atlas-Able lunar rocket 
by AF Maj. Robert M. White. with TV camera sometime between Sept. 22 26. 
—German Rocket Society plans 13-ft meteoro- Aug. 30—AF Titan with dummy warhead is shot 5000 
logical rocket to go 40 miles. miles. 


Listening for Echo 


~< (Fad 
HOLMDEL 
i NJ 
GOLWSTONE 
CAL 4 ii 
18m 709 
NASA-GODDARD 


SPACE FLIGHT CENTER He” 
GREENBELT, MD. >\ 
\\) TRACKING 
STATIONS 


As Echo I, NASA’s 100-ft-diam passive-communications balloon went into orbit Aug. 11, boosted by a Thor-Delta, three 
major broadcasting-receiving links, featuring some very advanced equipment, went into action, in studies expected 
to lead to a world-wide communications system within the next few years. Representing the three links, from the 
left, the Bell Telephone Labs complex at Crawford Hill, N.J., (over-all receiver-noise temperature of 25 K) linked East- 
West with JPL’s Goldstone facility; Phileo Research Div.’s receiver at the USAF’s Rome Air Development Center, Rome, 
N.Y., linked North-South with an Air Force facility in Trinidad; and Collins Radio Co.’s receiver at Cedar Rapids, linked 
North-South with its subsidiary, the Alpha Corp., Dallas, Tex. At right, a diagram of NASA’s directional system for 
the Bell Labs-JPL link, in which an IBM 709 computer prepares aiming data. 
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International scene 


By Irwin Hersey 


New York Selected as Site for 1961 IAF Congress 


Sedov Re-elected President; Seifert Named Vice-President 


SwEepvEN—The first Con- 
gress of the International Astronau- 
tical Federation to be held in the U.S. 
will take place in New York just prior 
to the ARS SPACE FLIGHT REPORT 
TO THE NATION in October 1961, 
with ARS, the American Astronautical 
Society, and the Aerospace Medical 
Association, all IAF members, acting 
as the host societies for the meeting. 
Samuel Herrick of UCLA and Aero- 
nutronic Div. of Ford Motor Co., head 


IAF President Leonid I. Sedov (left) 
delivers address of welcome to Con- 
gress delegates, translated by inter- 
preter V. Vereshatin. 


ry 


H.S.W. Massey of the Royal Society 
delivering the introductory lecture at 
opening ceremony of the XIth IAF 
Congress held in Stockholm, Sweden, 
August 15-20. 
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of the ARS Astrodynamics Committee, 
was chosen to chair the 1961 IAF Con- 
gress. Members of his committee in- 
clude George Arthur of GE, represent- 
ing the AAS, and Brig. Gen. Don 
Flickinger, USAF, representing the 
Aerospace Medical Association. Fi- 
nal dates for the meeting have not as 
yet been set but are expected to be 
announced in the very near future. 
This decision was taken at the final 
plenary session of the XIth IAF Con- 


Old friends get together. Ernst 
Stuhlinger and Wernher von Braun 
flank astronautical pioneer Hermann 
Oberth at reception. 


Steering Committee. COSPAR Vice- 
Presidents A. A. Blagonravov of 
U.S.S.R. and Richard W. Porter of 
U.S. get together aboard an antique 
auto at a Stockholm reception. 


gress, held here August 15-20. This 
Congress drew a record attendance of 
more than 900 delegates, participants, 
and guests. 

Soviet Academician Leonid I. Sedoy 
was re-elected president of the IAF 
for the coming year, while ARS Presi- 
dent Howard S. Seifert was elected an 
IAF vice-president. Other vice-presi- 
dents are L. R. Shepherd of the United 
Kingdom, Rudolf Pesek of Czecho- 
slovakia, J. Peres of France, and A. F, 
Staats of Germany. J. Stemmer of 
Switzerland was re-elected secretary- 
general and Andrew G. Haley was re- 
named general counsel. This: slate, 
produced by the nominating commit- 
tee, was unanimously approved at the 
final plenary session. 

These were only a few of the high- 
lights of the meeting, marked by an 
unusually large number of significant 
recent achievements in astronautics— 
the successful Echo satellite launch 
and recovery of a Discoverer capsule 
after re-entry by the U.S., and the 
successful launching of Sputnik V by 
the U.S.S.R., to name only a few. 

The significant achievements of the 
past year also led to the presentation 
of a number of extremely interesting 
papers describing some of the most 
important experiments carried out by 
the U.S. and the U.S.S.R. since the 
Congress in London a year ago. Well 
over 100 papers were presented at 
the main meeting sessions and at the 
Third Colloquium on the Law of 
Outer Space and at the Space Medi- 
cine, Small Sounding Rockets, and As- 
trodynamics Colloquia. Proceedings 
of the Congress will be published by 
the Swedish Interplanetary Society, 
host for the meeting, and distributed 
by Springer-Verlag, Vienna. 

The Congress was graced by the 
presence of two of the three great 
names in astronautics—Mrs. Robert H. 
Goddard, widow of the American 
rocket pioneer, and Hermann Oberth 
of Germany, who delivered a paper. 
A sad note was provided by the un- 
timely death during the Congress of 
Heinz Gartmann of the German So- 
ciety for Rocketry and Space Flight, 

(CONTINUED ON PAGE 78) 
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PROJECT 


On August 12th, 1960, JPL scientists at 
Goldstone, California, radioed the world’s first transcontinental 
microwave message to be relayed by a passive, artificial = 
earth satellite. This satellite was the 100 ft. plastic balloon Echo | i. 
orbiting around the Earth at an altitude of approximately 1,000 miles. 
A pre-recorded statement by President Eisenhower was received 
2,300 land miles away by scientists of the Bell Telephone Laboratories 


at Holmdel, New Jersey, as clearly as any conventional 
telephone call, in a fraction of a second. 
Later in the course of the Echo experiment, the scientists 4 
at Goldstone and Holmdel conducted 2-way voice communication 

via the balloon satellite, Goldstone transmitting 

at 2,390 megacycles and Holmdel at 960 megacycles. 
This successful experiment has demonstrated the feasibility of 
worldwide communication 
and is typical of many pioneering achievements 
of the Jet Propulsion Laboratory. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
JET PROPULSION LABORATORY 


n- A Research Facility operated for the National Aeronautics and Space Administration 

of PASADENA, CALIFORNIA 

‘0- Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 

at COMMUNICATIONS e INSTRUMENTATION « INFRARED e ASTROPHYSICS « GEOPHYSICS « GEOCHEMISTRY 
3) « ASTRONOMY « PROPULSION « MASER « STRUCTURES «+ PHYSICS « 


Send professional resume, with full qualifications and experience, for our immediate consideration 
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Careers in astronautics 


8 ps or the foremost problems con- 
fronting astronautics is that of 
energy conversion. Various nuclear 
systems are receiving a steadily in- 
creasing share of attention for this pur- 
pose. Direct conversion systems, the 
compact reactor, and the nuclear 
rocket engine represent programs of 
especially great current interest that 
carry with them a large number and 
variety of problems for the nuclear 
scientist and engineer. Parametric 
studies, conceptual design, and systems 
analysis are due to receive intensified 
efforts in the months just ahead; and 
these will necessarily be closely co- 
ordinated with advances in shielding, 
heat transfer, and high-temperature 
capability. This is one broad area in 
which the cross-fertilization between 
science and engineering has already 
had a big payoff, and promises much 
more in the future. 

Solar-energy conversion and _ fuel 
cells appear to be two prime targets 
for the nuclear technologists and their 
teams of collaborators. Two promis- 
ing signs of advancement in this field 
brought to our attention recently are 
the substantial broadening of effort in 
nuclear activity at the Allison Div. of 
General Motors, and the publication of 
a thorough and comprehensive volume, 
titled “Reactor Analysis,” by Meghre- 


Mauler Air-Defense 


The artist's drawing portrays the 
Army’s new mobile missile-launching 
system, Mauler, being developed by 
Convair-Pomona. The self-contained 
system, with fire control gyro- 
stabilized, will defend against ballistic 
rockets and aircraft by automatically 
launching  solid-propellant missiles 
while on the run, switching from tar- 
get to target. 
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By Irving Michelson, Illinois Institute of Technology 


blian and Holmes. Their impressive 
book, representing a fine synthesis of 
the mathematical analysis, physical 
principles, and engineering viewpoint, 
seems to be evidence that nuclear 
technology has come of age and taken 
its place as an established field of use- 
ful knowledge. Intensified industrial 
demand for nuclear specialists, coupled 
with the increasing availability of ex- 
cellent formal training at all levels, can 
be expected to draw substantial num- 
bers of our most talented manpower. 


Another good glimpse at the future 
of space flight was given when NASA’s 
10-year plan was recently published, 
showing that within the next decade 
industry may expect to receive as 
much as 12 billion dollars for an as- 
sortment of space projects. Projects 
designated by the names Apollo, Pros- 
pector, Voyager, Aeros, Mariner, and 
Surveyor represent a variety of func- 
tions ranging from satellite to deep- 
space missions, some representing con- 
tinuations and successors to current 
programs, while others are still with- 
out official standing. Glancing at the 
functions proposed for each of these 
systems, it looks like the astro-engi- 
neer has his work fairly well cut out 
for him. 

Prospector, for instance, is the name 
assigned to the unmanned spacecraft 
for soft landing on the moon and re- 
mote exploration of its environment. 
We can begin to visualize some of the 
problems associated with this mission, 
such as the study of surface core 
samples. Instrumentation, communi- 
cations, automatic control, and minia- 
turization will call for design refine- 
ments at every turn that will set tough 
goals for our engineers. 

Project Mariner, for early interplane- 
tary probes to Venus and Mars, on the 
other hand, will be beset with many 
problems of quite different sorts, of 
which navigation and flight control 
may be typical. The progress of 
NASA’s 10-year plan will furnish many 
important clues to the specific assign- 
ments that lie ahead at the various 
technical levels. 


Even a subtle intimation of stepped- 
up government support for its pro- 
grams is invariably accompanied (if 
not somehow mysteriously even pre- 
ceded) by vigorous display of interest 


by industry, and the present instance 
of huge funding prospects for space 
programs is hardly an exception. One 
interesting difference we note, though, 
is that with the initial entry of more 
and more firms into the space busi- 
ness, there are unprecedented require- 
ments for directors of research, chief 
engineers, and other key personnel for 
R&D management and direction. The 
demand pretty clearly exceeds our 
present supply by a substantial factor, 
which of course places some rather 
high price tags on these positions. 

It would be interesting to know 
what increase in “job mobility” has 
resulted, and what it will be in future. 
We suspect the changes have been 
rather drastic, as well as quite costly 
in the dollar sense and also in re- 
gard to professional accomplishment. 
A related question of interest is what 
fraction of the efforts of our best 
talents are being devoted to writing 
proposals and other “selling” functions, 
and how this has changed in recent 
years. Serious imbalances would bear 
close watching, in the national interest 
as well as from the individual profes- 
sional’s standpoint. Meanwhile, there 
is a great field now open for engineers 
and scientists seeking managerial and 
planning appointments within the 
many industrial newcomers in space 
research and development programs. 


Direct governmental participation in 
space programs continues to increase 
and broaden in scope. Within the 
Air Force, the sprawling ARDC finds 
itself in need of talent of both the 
conventional variety and also some 
rather less familiar. In addition to 
engineers, mathematicians, and physi- 
cists, new programs at its various fa- 
cilities throughout the country have 
created pressing needs for individuals 
to fill career positions within govern- 
ment—positions, for instance, as 
agronomists, research psychologists, 
and meteorologists. Individuals with 
more conventional backgrounds _ in 
these fields are finding great challenges 
in their support functions for astro- 
nautical programs. ARDC has twelve 
separate centers, in addition to head- 
quarters in Washington, spread out 
across the continent. + 


For specific — opportunities this month, 
see Covers, 2, 3, 4, and pages 1, 2, 4-5, 11, 12- 
43 desk 19, Dw 38, 41, 44-45, "46, 47, 49, 65, 
‘ o 8, 
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WEAPON SYSTEMS 
BY REPUBLICS 
VMUISSILAE SYSTEMS OINVISIOV 


Bridging the scientific and technical gap between military necessity 
and tested, proved, reliable weapon systems is the task of Republic's 
Missile Systems Division. Our scientists and engineers plan, direct, and 
supervise projects from conception to operational hardware... through 
systems synthesis and analysis, research and development, prototype 
fabrication, test, and production. » >» Republic designs and builds 
completely integrated systems for performing vital defense functions. 


Present programs include work in: 


Air/Space Vehicles 
* Guidance and Control Systems 
* Infrared, Radar and Photographic Sensors 
* Data Processing and Display Equipment 
* Ground Support Equipment 
* Secure Communications Links 
* Nuclear Weapons Phenomenology 


NMUISSILE SYSTEMS BIVIsIiowv 
MINEOLA, LONG ISLAND, N Y 
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One ofa series 


New Light on a Compound Semiconducto 


Pictured is a new and unusual transistor ... made from a compoun( 
semiconductor. Its electronic properties are greatly affected by light, 
a field-effect transistor having input impedances up to 100 megohms 
(versus 1,000 ohms for junction transistors). Its unique combination 
of properties has enabled it to perform some novel circuit functions 
not possible with other transistors. 


Still in the early experimental stage, this phototransistor is a 
tangible result of the General Motors Research Laboratories’ progran 
semiconductors — particularly the group H-VI compound, 
‘admium sulfide. Behind its development lies the steady accumulatioi 
of (1) know-how in crystal growing, doping. and contact 
preparation and (2) information about CdS’s intriguing solid state 
properties (red or green luminescence, high photoconductivity, 
short relaxation times, ete.). 


For the researcher, this three-terminal device is adding a new dimer 
to the fundamental understanding of semiconductors. For instance: 
GM Research scientists have uncovered the important role of 
photo-generated holes in modulating the conductance of this intrinsi 
semiconductor and have determined the hole drift mobility 
through a new theoretical analysis. 


These semiconductor investigations illustrate the dual aim of GM 
Research: contributions to the science, advances in the technology oi 
important new subject areas. Such research is the initial step in 
General Motors’ continuing quest for “more and better things 

for more people.” 


General Motors Research Laboratories 
Warren, Michigan 
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Astronautics 


OCTOBER 1960 


COVER: The first Nike-Zeus of tactical 
configuration, prepared by vehicle-developer 
Douglas Aircraft, launches into its successful 
initial flight test Aug. 10 at White Sands, 
bringing closer a partial answer to the bal- 
listic-missile-defense problem, the subject of 
this special issue of Astronautics. ( Full- 
color ASTRO cover plaques, 11 x 12 in., are 
available from ARS Headquarters for $2.00 
each. ) 


The Second Renaissance 


Professor H. Guyford Stever of MIT once concluded a lecture with 
the remark “. . . an important motivation for conquering space is to 
provide future generations with the capability of using it as they, 
not we, see fit. Space presents a project which is clearly limitless: 
It requires the best in engineering achievement; it offers new fron- 
tiers in science; it has all the thrills of physical exploration; it is 
bound up in the protection of our way of life; it can improve life on 
earth. Such a project could well trigger a second renaissance in 
man’s spirit and activity.” 

Although the “Space Age” is barely three years old, and only a 
few per cent of our gross national income is devoted to space, it 
seems evident that a second renaissance is indeed upon us. Con- 
sider the awe-inspiring variety of problems now being pursued, and 
the bewildering vocabulary being coined to discuss them. How 
many of us can distinguish Telebit and Minitrack? Maser and Per- 
sistor? Does a solar wind drive a solar sail? Is the bell nozzle an 
inversion of the plug nozzle? Which makes the better propellant, a 
helide or a halide? Which is a more durable energy source, a fuel 
cell or a solar cell? May we make a soft landing on a hard base? 
Does the open thermodynamic cycle play any role in the closed 
ecological cycle? Can a plasma jet produce plasmoids? And finally, 
can a pressure suit be cinched with a Van Allen belt? 

This possibly frivolous array of examples points to a serious con- 
clusion. The whole populace will be much affected—and for the 
better—by the byproducts of space research. Tiros, Transit, and 
Echo, for example, are social benefactors. And the imagination of 
the population is fired by space experiments—witness numerous 
headlines—yet we are only in the infant stages of these adventures. 
The first serious space opera, Aniara, has just been produced in 
Sweden. Who can tell what new industries, what literature, art, 
music, and broadening of social horizons will be catalyzed by the 
space programs? It is not hard to believe that they will be great 
enough to be called a second renaissance. 


Howard S. Seifert 
President, AMERICAN Rocket SOCIETY 
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around 


the world 


in 100 minutes 


...@ problem in navigation and guidance 


Behind that storied global traveler 
Phineas Fogg was his valet and navi- 
gator Passepartout. Tomorrow’s 
space “Phineas Foggs” will depend 
on a sophisticated electronic Passe- 
partout to guide their vehicles to the 
fringe of space and return—in 100 
minutes. 

Arma is ready for that era. As 
developer and producer of the first 
all-inertial guidance system for Air 
Force ICBMs, Arma has the knowl- 
edge, facilities and people to meet the 
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challenge of navigating a manned 
glider in near space. 

Inertial guidance offers important 
advantages: self-containment . . . low 
cost...immunity to communica- 
tions failure . . . positive position cal- 
culation...no time lag in making 
course corrections ...a minimum of 
ground support equipment. 

Arma is developing smaller and 


better inertial systems for use in the 
years ahead that employ subminia- 
ture computers, low threshold accel- 
erometers, gyros suspended in liquid 
metal and other advanced techniques 
in inertial instrumentation. 

ARMA, Garden City, New York, 
a division of American Bosch Arma 
Corporation....the future is our 
business. 7910 


Engineers: Write to E.C. Lester at ARMA about career R&D opportunities. 


AMERICAN BOSCH ARMA CORPORATION 
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Ballistic-missile defense: 


The problem 


ARPA’S Project Defender has opened avenues to promising 


defense systems . . . Now the challenge faces the nation 


in terms of cost and effort as well as technical advances 


Brig. Gen. Austin W. Betts is Director 
of the Advanced Research Projects 
Agency. On graduation from the U.S. 
Military Academy in 1934, General 
Betts attended a field-officer’s course 
and MIT, where he received an M.S. 
in 1938. After serving in the China- 
India-Burma theater in WW II, he 
was ordered to Los Alamos in 1945, 
and became an associate director of 
LASL under Norris E. Bradbury. 
There followed assignments as chief 
of the Army Atomic Energy Br.; ex- 
ecutive officer to Maj. Gen. K. D. 
Nichols when he became chief of 
Army research and development; chief 
of the Combat Development Br. in 
Europe; ABMA’s first Engineer; and 
finally Army advisor to the Special 
Assistant to the Secretary of Defense 
for Guided Missiles, when that office 
was formed in 1957. It was from this 
position that the Secretary of Defense 
chose General Betts to head ARPA in 
Dec. 1959. 
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By Brig. Gen. Austin W. Betts, USA 


ADVANCED RESEARCH PROJECTS AGENCY, WASHINGTON, D.C. 


Fo THE first time in our history this nation is threatened by 
a weapon—the intercontinental ballistic missile—against 
which we have available no acceptable active defense. Of 
course, as far as we know every nation in the world is in the 
same situation. It is perfectly obvious, then, why there is 
such widespread public interest in the question of a defense 
against ICBM’s. One must add, that there is a similar ques- 
tion with respect to defense against submarine-launched 
ballistic missiles. Ballistic missiles, there is no question, 
have permitted the offense to take a long stride forward. 

The responsibility for finding a way to provide ballistic- 
missile defense cuts across military service lines. The Army 
is concerned with development of the Nike-Zeus system and 
defense of the field armies; the Air Force is responsible for 
providing early warning against ICBM’s; the Navy is seek- 
ing to defend the fleet against ballistic-missile attack and 
also to bolster their ability in anti-submarine warfare, in 
order to deny the enemy the freedom to use ballistic missile 
delivery submarines; and the Advanced Research Projects 
Agency is assigned responsibility for long-range research in 
the broad area of ballistic-missile and satellite defense. 

The problems that have been assigned to these several or- 
ganizations are not ones which admit simple solutions. 
They are probably the most difficult and complex military 
defense problems that have ever faced a nation. In April 
1959, Roy W. Johnson, then director of ARPA, appeared be- 
fore the House subcommittee on appropriations to explain 
why he felt that ARPA should be given $128 million for Fis- 
cal Year 1960, in addition to the $80 million already assigned 
for FY 1959 to carry out research on ballistic-missile defense. 
In explaining to the committee the problem which he saw 
facing us, Johnson expressed with (CONTINUED ON PAGE 47) 
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Radar systems 


Large and very high power radar systems are a major factor, 


technically and economically, in present and future defense 


William R. Hutchins is Scientific 
Liaison Officer for Raytheon in the 
Office of the Vice-President for En- 
gineering and Research. Associated 
early with the development of high- 
power radar at Columbia Univ., Hut- 
chins joined the Raytheon Co. in 
1948, where he was responsible for 
much of the guidance work on the 
Lark, Sparrow, and Hawk missiles, 
and for several years was manager of 
its Advanced Development Dept. He 
was on the staff of Project Lamplight, 
the Gaither Committee, and the OSD 
Re-entry Body Identification Group; 
and, on leave from Raytheon, before 
his present position, was chief of 
ARPA’s Ballistic Missile Defense 
Branch. 


Although the author has participated 
in ARPA studies, publication of this 
material does not represent or imply 
DOD indorsement of its factual ac- 
curacy or opinions. 


By William R. Hutchins 


RAYTHEON COMPANY, WALTHAM, MASS. 


OST APPROACHES presently being considered for ballistic-missile 

defense are of the “dueling” type—that is, the enemy missile 
and its decoys are detected, tracked, and then intercepted by a 
guided missile. For detection, tracking, and guidance only two prin- 
ciples appear useful. The first employs radiations generated by the 
enemy missile itself; these occur chiefly in the infrared portion of the 
spectrum. The second method consists of transmitting large 
amounts of power and making measurements on the received echo. 
This is radar, our subject. 

The first purpose of missile detection is warning. Needless to say, 
warning cannot be too “early.”. Normal radars operate in the quasi- 
optical region of the spectrum—above 100 megacycles. This means 
that they are unable to see very far around the curvature of the 
earth. Ballistic missiles cooperate considerably by flying quite high, 
but nevertheless geography is such that we are unable to find land 
bases for radars which will permit us to guarantee more than about 
15 min of warning. RCA heads this work. 

The United States is currently constructing three very large radar 
stations for the purpose of detecting ballistic missiles coming from 
the Communist-held portions of the Eurasian continent and headed 
for North America. This is the BMEWS system currently being in- 
stalled near Fairbanks, Alaska, Thule, Greenland, and parts of the 
United Kingdom. Photos on these pages show the Thule installation 
and indicate its tremendous size. 

A frequency of a few hundred megacycles is used for BMEWS 
radar, to permit maximum detection range and very high transmitted 
power. In order to approach closer to possible launching sites, it 
would be necessary to put the radar above the surface of the earth, 
either in an aircraft or satellite. Because of the large power and 
antenna requirements for this purpose, the use of radar from areo- 
space platforms does not appear immediately practical. 

Although BMEWS radars can acquire a ballistic missile at a great 
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UNITED 
KINGDOA, 


Giant “brute-force” radars of the Ballistic Missile Early Warning System, at the places indicated above, will scan 


the polar and Eurasian regions to detect a missile attack. At right, the Thule base in Greenland, Thule is com- 
pleted; Clear, Alaska, well along; and Fylingdales Moor, Yorkshire, England, started. 


distance, this very fact precludes the likelihood of 
their being satisfactory as part of an active defense 
system. For these radars conserve radiated power 
by detecting the missile for only a short portion of 
its trajectory. This portion, far beyond the shores of 
the North American continent, is not readily acces- 
sible by land-based intercepter missiles. 


Missile Re-acquiring Critical 


Consequently, it is necessary for any active de- 
fense system to re-acquire the enemy missile at a 
distance which is compatible with the nature of the 
particular system—at a distance of several hundred 
to a thousand or more miles from the missile’s target. 
To accomplish this re-detection, it is obvious that a 
radar almost as big as those of the BMEWS system 


The Tradex system, illustrated here, 
shows the large parabolic antenna 
and massive gimballing character- 
istic of advanced long-range track- 
ing radars. RCA, prime contractor 
to the Air Force for construction of 
BMEWS, tested the prototype 
Tradex at its Moorestown, N.J. 
facilities, and will install the first 
at Fylingdales Moor. 


is required. For example, photo on page 27 shows 
the 80-ft-diam Luneberg lens antenna installed at 
White Sands Proving Ground for tests of prototype 
equipment for the Nike-Zeus system. This radar, 
too, uses frequencies of several hundred megacycles 
and extremely high powers. 

While such acquisition radars can keep track of 
ballistic missiles and decoy objects, they do not 
have, in the main, sufficient precision to permit their 
use for discrimination or for guidance of an inter- 
ceptor to impact. Most systems, therefore, would 
use a microwave tracking radar for these purposes. 
Radars which have contributed or are expected to 
contribute to experiments in tracking of ballistic- 
missile-like objects include the Millstone Hill radar 
of Lincoln Laboratory, the Pincushion and Tradex 
radars (shown at bottom of this spread) being built 
by Raytheon and RCA, and the Nike-Zeus target- 
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Huge, costly antennas characterize the radar systems for ballistic-missile defense. 


Left, football-field-size 


BMEWS antenna at Thule (see article by Leonard Barker in the May 1958 Astronautics); and right, a giant Lune- 
burg lens for the Nike-Zeus system as it was being evaluated at White Sands Missile Range early in 1960. 


tracking radar. All of these are characterized by 
large parabolic antennas and massive gimballed 
systems. 

Another class of radars which might be used for 
such purposes employs phased-array antennas, gen- 
erally flat and nonmoving, the motion of the beam 
being obtained by electrical means. Such systems, 
however, are at least as large as those using mechan- 
ical gimballing and may be even more expensive. 


Radar Data Sorts Decoys 


In a system using radar data exclusively, it is 
necessary to use this data for the discrimination of 
the nose cone or warhead from all the other objects 
which may accompany it. To make any kind of 
measurements on an object, the first requirement is 


to be sure that it alone is being looked at. This 
means that it must be resolved from neighboring ob- 
jects. Dimensions which may be used for resolu- 
tion include angle, velocity, and range. Range is 
generally the easiest to use for high resolution, since 
the range or time resolution of a pulsed radar is such 
that very high rejection ratios of signals outside the 
time interval being examined may be obtained. 

For there to be a high probability of resolving 
each object, it is necessary that the radar have some 
10 or 20 times as many resolution elements in the 
region of interest as there are objects to be resolved. 
For example, if a radar may observe a cloud of as 
many as a thousand objects, then the radar should 
be designed to have 10 or 20 thousand resolution 
elements in the volume that is expected to be occu- 
pied by this cloud. 


Once a resolved object (CONTINUED ON PAGE 50) 


Like RCA’s Tradex and Lincoln 
Lab’s Millstone Hill radar, the Pin- 
cushion system, illustrated here, 
will contribute to continuing Proj- 
ect Defender experimental studies 
in ballistic-missile tracking. Under 
development for ARPA by Ray- 
theon’s Missile Systems Div., Pin- 
cushion weighs 80 tons, operates 
with microwave beam pattern. It 
is slated for delivery in 1961 for 
Zeus tests in the Pacific. 
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Interceptor vehicles 


The state of the art now makes it possible to 


strive for the best defense considering all sys- 


tem elements—vehicle, logistics, cost, etc. 


By Allen F. Johnson 


DOUGLAS AIRCRAFT CO., INC., SANTA MONICA, CALIF, 


Allen F. Johnson is head of the 
Advanced-Design section, Missiles and 
Space Engineering, for Douglas Air- 
craft. On receiving a Ph.D. in elec- 
trical engineering from Texas A & M 
in 1951, he joined Douglas as lead en- 
gineer in its Systems Analysis Group 
and was soon group engineer in its 
Automatic Controls Section, in charge 
of Sparrow II-guidance design and 
analysis. In 1956, Dr. Johnson be- 
came responsible for design and anal- 
ysis of guidance and control for all 
missiles being worked on by Douglas; 
and in 1957 he became assistant chief 
of the Advanced Design Section. 
Much of his attention has been di- 
rected to defenses against ballistic 
missiles and space systems. 
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i PHASES of an offensive ballistic missile’s flight are of interest 
for possible intercept—terminal, mid-course, and boost. While 
some of the requirements imposed on the interceptor vehicle are sim- 
ilar, others are so different that basically dissimilar vehicles result 
for each phase. 

The problem of intercepting and destroying a ballistic-missile war- 
head has been likened to trying to hit a bullet with a bullet. Al- 
though this overstates the difficulty, it is a tough job and severe re- 
quirements are imposed upon the interceptor vehicle. 

The basic goal, of course, is to prevent explosion of the enemy war- 
head on the target, preferably in a way that prevents damage of any 
kind. The enemy warhead is presumably a rugged device and is fur- 
ther protected for re-entry. This small, hard target must be de- 
stroyed or prevented from operating. This requires a potent war- 
head in the defensive missile and has major influence on its size. 
The corollary requirement of high accuracy has substantial influence 
on design. 

A practical defense requires that interception occur far enough 
away and at high enough altitude that neither the defensive warhead 
nor the enemy warhead does appreciable damage on the ground. In 
establishing these requirements, it must be assumed that the enemy 
warhead goes at high yield. These considerations, combined with 
the speed of the target and detection-range limitations, make time 
the most important single parameter in ballistic-missile interception. 

The first graph on page 29 illustrates schematically an intercept 
and shows the relationship of interceptor velocity, target velocity, 
and detection range for a given entry angle and defended radius. 
The importance of the trade-off between velocity and detection 
range is readily apparent. There is great pressure on the vehicle de- 
signer to achieve high velocities, both to reduce required detection 
range and to increase the defended area. The velocity must be 
achieved quickly, so as to maximize average velocity for given im- 
pulse. Thus high-thrust propulsion units are needed, and high ac- 
celerations are imposed on the missile. 

Reaction time is also quite important. For example, if average in- 
terceptor speed is 12,000 fps, a 1-sec reduction time adds 2 nautical 
miles to the defended radius and over 1200 square miles to the de- 
fended area in the example graphed. The defensive missile must be 
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— TYPICAL ICBM TRAJECTORY 
MID- COURSE PHASE 


ATMOSPHERE 


FLIGHT TIME=2200 S 


MAX SPEED=2300 FT/SEC 


5500 N Mi 


launched in 15 sec or less from a cold start. Gyro run-up time, 
choice of propulsion type, and selection of prime power source are 
a few of the elements strongly affected by this requirement. This 
reaction time is an almost overriding consideration in design of the 
missile launching site and associated ground equipment. 

The first graph also indicates the effect of increasing target veloc- 
ity. The day is past when a ballistic-missile designer is limited by 
propulsion efficiency to minimum-energy trajectories. On-rushing 
technology is producing lighter payloads and structural elements as 
well as more powerful propulsion units. Therefore, the defense will 
be faced with multidirectional attack, and an enemy, with reasonable 
penalty to his accuracy, can deliver warheads at very low or very 
high re-entry angles. This means that an interceptor missile must 
be designed beyond today’s threat, and further it must be designed 
so that growth is possible in an orderly manner, that is, without 
throwing everything away and starting a complete new development 
program. 

Very substantial maneuver capability is required of the defensive 
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missile to counter target deceleration and evasive maneuver and to 


correct for early guidance errors. Possible late discriminatioa 
against decoys, and the desire to make several shots at a given target 
if necessary, dictate both endo- and exo-atmospheric intercepts. 
The second graph on page 29 shows a typical intercept regime. 

Interception above the sensible atmosphere necessitates some form 
of reaction control, as there is not enough air for aerodynamic con- 
trol. The exact form this control should take depends upon the kind 
of guidance. Terminal homing does not appear to be within the 
present state of the art (for terminal-phase intercepts ), and homing 
all the way is even further off in time, because equipment which can 
see the small target at sufficient distance and discriminate against de- 
coys is too large to carry in a practical missile. 

Hence, at the present time, we need consider just command guid- 
ance; and the main question is, need guidance be continuous or is it 
sufficient to provide for corrections only near intercept? Analysis 
shows the latter to be the more efficient. Efficiency further makes it 
necessary to provide the capability of applying the correction in any 
direction, else the trajectory must be biased to guarantee that errors 
will exist only in restricted directions and much larger correction 
capability provided. 


Jethead Gives Exo-atmospheric Maneuver 


This exo-atmospheric maneuver capability is readily provided by 
means of a separate stage having a suitable amount of propellant. 
Ignition occurs several seconds before intercept and the vehicle or 
“jethead” is so oriented that the rocket thrust moves it within lethal 
range of the target. Several typical intercept situations are illus- 
trated on page 29. The amount of correction is determined by such 
factors as the quality of information available before the coast phase, 
tolerances of elements of the interceptor missile, and action of the 
target. Analysis of present and near-future state of the art shows 
that a few thousand feet per second of correction capability is suffi- 
cient for expected targets and provides some reserve for unexpected 
developments. As advancing technology permits the enemy to pro- 
vide greater maneuver by the target, the defense-missile designer 
must be alert to take advantage of the same technology to increase 
the correction capability. 

Endo-atmospheric intercepts impose severe structural require- 
ments on the missile and raise difficult aerodynamic problems. The 
missile must fly and be controllable at dynamic pressures ranging 
from near zero to as much as 50,000 psf. There are many trade-offs 
to be considered. For example, omnidirectional correction capabil- 
ity is desired. But can one afford the structural weight penalty 
necessary to provide this at the higher dynamic pressures in light of 
the lower velocity and longer time of flight that will result for all 
high-altitude intercepts? Best design results from a careful weigh- 
ing of all the factors by both the guidance and vehicle designers. 

The jethead rocket engine may be employed to enhance maneuver 
capability, even for intercepts within the sensible atmosphere. The 
chart at top left shows a typical maneuver capability. Flexibility is 
afforded by firing or not firing the jethead as the situation requires. 

Thermal protection of the interceptor vehicle is one of the most 
important requirements for endo-atmospheric intercepts. The 


second graph indicates the magnitude of the problem; note that 
heat input is similar to that encountered in IRBM and ICBM re-entry 
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vehicle design. The efficacy of ablative coatings for tercept at two points in the target trajectory. Again, 
0a thermal protection has been well proven, and it is early intercept is indicated. 
set the best approach known today. The third graph If enemy launch is detected and tracking informa- 
ts, gives a sample of the kind of analysis used by the tion obtained accurately enough to permit early 
designer in selecting both structural and protective launch of the defensive missile, then near-apogee 
am materials. It may be necessary to compromise struc- intercept can be considered. The defensive missile 
wl tural design to minimize over-all weight. Ease of can be launched from the defended area if it has 
nd fabrication and both material and production costs velocity potential similar to that of the enemy missile 
he must also be considered. The designer must pro- and a fast reaction time. If the defensive missile is 
ag vide protection of surfaces other than leading edges, based up-range, then velocity requirements are re- 
an since high angles of attack are encountered in ma- duced. The middle graph indicates the defensive- 
e- neuvering. missile velocity requirements for two defensive sites 
It may prove desirable or necessary to attempt —at the defended area and under the apogee point. 
d- interception near mid-course for a number of rea- 
it sons besides the usual one of defense in depth. 
is Among these reasons are the following: Obsoleting Forward Bases 
it Intercept farther from the defended area. 
ry Hit the target before decoys are released. 
rs If decoys are released early, a precursor burst will By relatively modest increase in burnout velocity, 
mn destroy some kinds of decoys and apply a relative the enemy can decrease the advantage of forward- 
momentum impulse to all lightweight decoys, basing the mid-course interceptor. With an addi- 
thereby tending to separate them from the real tar- tional 3000 fps, apogee of a normal ICBM trajectory 
get. is increased from about 800 to 3000 nautical miles. 
The momentum impulse delivered to the target The increased interceptor velocity requirements are 
y itself may be enough to divert it from the target even shown by the dotted curve in the graph just cited. 
t though it may not be destroyed. Furthermore, employment of omnidirectional attack 
" Time-of-flight and hence velocity requirements on makes forward basing less attractive. There is much 
] a mid-course interceptor depend upon the warning to be said for basing the defense at the only place 
time achieved, the quality of boost-phase tracking where the enemy warhead must appear—in the de- 
‘ of the target (if any), where in the target’s mid- fended area. 
; course phase intercept is required, and the location Since the intercept will be out of the atmosphere, 
i of the defensive-missile site. The fourth graph a jethead is required, just as for the terminal-phase 
. indicates the desirability of intercepting as early interceptor. The amount of corrective capability 
; as possible before decoys have dispersed too much. required is determined by two factors: First, the 
1 The deviation chart below left illustrates the differ- knowledge of the target’s trajectory; and second, the 
; ence in displacements imposed on the target for in- deviation of the defensive (CONTINUED ON PAGE 38) 
r 
5 DEVIATION OF RE-ENTRY VEHICLE FROM GROUND ZERO INTERCEPTOR BURNOUT VELOCITY NUMBER OF SATELLITES REQUIRED 
5 DOWN DUE TO 50 FEET PER SECOND REQUIRED FOR APOGEE INTERCEPT VS VELOCITY CAPABILITY OF 
AFTER ENEMY LAUNCH (SEC) 
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Novel approaches 


Exotic schemes of defense, such as satellite-based systems 


and radiation weapons, appear possible . . . How to rank them in 


practical value remains a problem of both research and cost 


By Ward Low 
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A™ GROUND-BASED anti-missile missile systems the only reasonable 
approach to ballistic-missile defense? Are nuclear warheads 
the best tool for killing offensive missiles? While we cannot in 
this article fully answer such questions, a basis for judgment 
can be built and sampled. This brief survey—based in part on 
results of Project Glipar, recently completed under sponsorship 
of ARPA—will: 


Identify the principal components of “current” anti-missile missile 
(AMM) systems; this will serve as an index point by which to 
gauge “novelty” of other approaches; 

Point out some key systems-characteristics by which various ap- 
proaches to ballistic missile defense may be graded; 

Classify possible kill mechanisms; 

Compare classes of kill mechanisms in terms of the key systems- 
characteristics. 


As a starting point, let us specify the principal features of ground- 
based anti-missile missile systems—the “dueling” type, with essen- 
tially a separate response to each offensive missile, sending at least 
a single missile against each one. Most simply, such systems em- 
ploy radar for detection and tracking; use digital computers for 
processing radar data and making detailed decisions; and send 
rockets with nuclear warheads from the ground to the near vicinity 
of the re-entering missile. 


Kill Mechanisms the Focus 


For evaluation of various methods of defense, we must have some 
factors by which to make judgments. A paramount consideration 
will color the entire point of view of this discussion. We assume 
that the means for killing the offensive warhead govern the entire 
system, so much so that we can give primary attention to judging the 
various kill mechanisms as such. The result is that the difficult 
problems of detection, tracking, and discrimination are reduced for 
our purposes to a consideration of relative levels of information 
requirements. 

Now, the key difference between dueling and screening systems 
lies in their different demands for information. A screening system 
may be thought of as an extensive barrier in the upper atmosphere 
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Hypothetical Approaches to Ballistic-Missile-Defense Systems 


Cost Invuinera- 
Physical means _effec- Coupling bility to 
for destroying tivee Levelof coeffi- Time of Information Aiming and Base Intercept counter- Side 
offensive warhead ness knowledge cient flight requirements guidance location location measures effects 
Solid-material 2 good high long dep depends on = ground; launch; mid- 2 probably 
impacts mode (duel mode airborne; course; acceptable 
or screen- orbital re-entry 
ing) 
Gases (T < 1 e.v.) 2 good low long poor a 
Plasmas (T > 1 e.v.) ? very high plasma be = 2 midcourse 2 2 
poor stationary 
High-energy beams 
Fundamental 3 poor high short high difficult ground 2 launch; mid- good ? 
particles course; 
re-entry 
Optical* 2 poor low short high 2 2 2 2 2 
Radio-frequency 2 fair low short high reasonable “a midcourse 2 bad (?) 
Fields 2 fair low short high 2 2 2 poor bad (?) 


* Coherent light. 


that is lethal to missiles which attempt to penetrate 
it. It might be set up by a satellite “source” on 
command. 

The dueling system requires precise knowledge 
of the offensive missile’s present and future positions, 
so that timely interception can be made. Dueling 
interception occurs in a very small region of space— 
from 1 meter to 10* meters will be a characteristic 
dimension, depending upon the kill mechanism. 

Hence, the aiming and guidance accuracy for cer- 
tain dueling systems may be required to be of the 
order of 10° radians for operations at 1000-km 
range, accuracies which are unheard-of in current 
practice. 

In contrast, screening systems are postulated to 
extend effectively and uniformly over many square 
kilometers and for long controllable periods of time, 
like hours. In screening systems, then, the need for 
accurate and detailed positional information is 
vastly reduced. 

The offense may be able in various ways to add 
complication to the defensive task. Any change in 
the design of an offensive system which modifies the 
effectiveness of the defense we shall describe as a 
“redesign countermeasure.” We shall be concerned 
with the relative invulnerability to redesign counter- 
measures in grading categories of ballistic missile 
defense. Naturally, there are other kinds of counter- 
measures which the defense must worry about, 
particularly the possibility of direct attack upon the 
defensive system. 

An important consideration is the coupling coeffi- 
cient—the ratio between the kill-energy actually ab- 
sorbed by the offensive warhead to the amount of 


energy provided in close proximity to the offensive 
warhead. The coupling coefficient tends to maxi- 
mize when the initial absorption of energy by the 
offensive warhead occurs throughout a major portion 
of the warhead, rather than at the surface. In the 
latter case, the warhead’s innards can be affected 
only after some kind of “diffusion” process occurs 
to transmit the energy inward, away from the sur- 
face. In addition, a high-energy flux which interacts 
primarily on the outside surface tends to produce a 
heavy cloud of evaporated material from that sur- 
face; such vapor products impede further 
deposition of energy within the warhead, which it 
must penetrate in order to be effective. We shall 
emphasize processes whereby energy is delivered to 
the offensive warhead for destruction purposes. 
Momentum transfers are of somewhat lesser interest. 


Time Critical 


Defense systems must, obviously, be able to react 
to the offense before the damage occurs to the 
defended region. The over-all reaction time, t,, 
indicated diagrammatically on page 72, is impor- 
tant; but assuming the latter to be within rather 
obvious limits, it is often found that the time of flight 
is of even greater significance. In particular, a 
clever defense might depend upon various atmos- 
pheric interactions during re-entry to distinguish 
true warhead from decoys; this takes a certain 
amount of time. The longer one can safely wait, 
the more information the atmospheric interactions 
can provide. Hence, one (CONTINUED ON PAGE 71) 
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The necessary physics 


Solving key problems of defense—the nature of nuclear 


explosions, rocket exhaust 


plumes, re-entry flow fields, 


and the upper atmosphere—will require concerted research 
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T PERFECT a wholly adequate active ballistic-missile-defense sys- 
tem, we must obtain and organize a great deal of basic physical 
data relating to the general environmental characteristics of the upper 
atmosphere and pertinent interactions with missiles, satellites, nuclear 
explosions, and various radiative phenomena. Our programs are 
generally directed along lines that appear to offer the most fruitful 
results. As an example, collision cross sections between electrons 
and hydrogen atoms present interesting research problems, for which 
accurate quantitative results are probably possible. But such cross 
sections are not of as much direct interest to ballistic-missile defense, 
at present, as are collision cross sections between, say, electrons and 
oxygen or nitrogen atoms. The latter research problems are much 
more difficult, and accurate quantitative results may not be possible 
in the near future. 


Research Needed on Long-Range Problems 


A large part of the physics research program devoted to ballistic- 
missile defense is directed toward the possible solution of problems 
peculiar to particular active defense systems or defense-system con- 
cepts being considered today. A relatively small amount of the 
physics research program is directed towards supplementing basic 
research in areas that appear applicable to long-range problems of 
ballistic-missile defense. 

Consequently, it has been necessary to direct some of the applied- 
research effort to the solution of certain basic physics problems. As 
an example, in the research programs directed towards the develop- 
ment of coherent optical devices, it has been necessary to obtain 
such basic physical parameters as radiative transition probabilities 
(or f-numbers). The program has thus subdivided into applied and 
basic research. 

A number of widely differing problems are included under the 
general heading of applied research. Some of these problems have 
a direct and important effect on present ballistic-missile-defense 
systems or concepts; others may play important roles in future sys- 
tems. The list selected for discussion here is by no means complete, 
but does include many on which there is a relatively large research 
effort. 

Nuclear Explosions. The term, “nuclear (CONTINUED ON PAGE 40) 


The choice of defense 


As a technical challenge, a facet of survival in the modern world, a tool of national 


policy—the choice of means for ballistic-missile 


defense will momentously 


affect our lives and fortunes, and those of other nations, in the coming decade 


By Richard D. Holbrook and Joseph F. Gross 


THE RAND CORPORATION, SANTA MONICA, CALIF. 


¥ THE long contest between military offense and defense, few 
events have changed the rules quite so comprehensively as the 
coming of age of the intercontinental ballistic missile. The situa- 
tion is that the U.S. and probably the U.S.S.R. have operational 
defense systems designed to cope with manned-bomber attacks. 
These systems have little or no capability against missile attacks, 
and many years must pass before any effective missile-defense 
systems can be deployed by either side. Thus, both the civilian 
population and military forces have rather suddenly and dra- 
matically lost whatever benefits active defense could guarantee. 

We are faced with the question: Is an active ballistic-missile 
defense technically, economically, or operationally feasible for 
the U.S.? 

This question can have different answers depending on what 
segment of our country is to be defended (cities, airfields, hard 
missile sites, hardened command posts, etc.), the purpose for 
which defense is undertaken (to prevent or limit damage, to buy 
time, to raise enemy force requirements, etc.), and how well the 
defense system is supposed to perform under the variety of cir- 
cumstances which could arise. 

It is important to understand that defense in one form or other 
is a significant element in our national posture and that it can take 
many forms. We invest in defense not only to save lives or prop- 
erty in the unhappy event that thermonuclear war should occur, 
but also because it is a tool of national policy in peace as well as 
war. In this sense it is clearly improper to talk of national objec- 
tives served by active defense without at least a brief word on 
passive defense in relation to the same objectives. In addition, 
careful and explicit definition is necessary before a statement such 
as “Defense against ballistic missiles is feasible (or infeasible)” 
has any meaning. 


Defense—Active and Passive 


We can define active defense to include all those direct meas- 
ures which could be taken to prevent successful completion of an 
attack, or to lower its intensity. Passive defense modifies the 
nature of the target attacked, so as to reduce or nullify the effects 
of successfully delivered weapons. Pas- (CONTINUED ON PAGE 84) 
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ASTRONAUTICS Report 
Part 6 (Conclusion) 


Observation satellites: 


The big rocket boosters now under development will permit the use of 


equipment designed to improve both the quality and quantity of obser- 


vation data and the speed with which it can be delivered to the user 


By Amrom H. Katz 


THE RAND CORPORATION, SANTA MONICA, CALIF. 


HE SATELLITES Which have been orbited thus far 

have been based on a truly enormous stockpile of 
science and technology. Enormous too are the 
cleverness, ingenuity, and hard work contributed by 
the scientists, engineers, and technicians working on 
these projects. Despite these accomplishments, it is 
likely that we are now standing, with respect to 
future satellite developments, where the Wright 
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brothers stood at Kitty Hawk little more than a half 
century ago, with respect to current airplanes. 

We can now foresee the need for truly huge satel- 
lite payloads—say, of the order of 100,000 Ib—in 
orbit, and we can sketch the nature of the argument 
for such machines. The word “huge” is relative in 
this context, since it is used today with respect to 
payloads of the order of 2000 Ib. 


Aerial photo taken 47 min 
after sunset by ambient il- 
lumination on Aug. 11, 1947. 
Step slit, with apertures 
varying in width from 0.125 
to 1.5 in., yielded, under 
given flight conditions, ex- 
posures ranging from 0.11 to 
1.32 sec. No stabilizing 
mount was used, and camera 
had a 12-in. focal length, 
f/2.5 lens. 


e"SLiT 11SEC. EXPOSURE 
4 
74"SLIT .22 SEC. EXPOSURE 4 
72" SLIT .44 SEC. EXPOSURE 
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Problems and prospects 


To discuss this point, it is both desirable and 
necessary to examine, however briefly and qualita- 
tively, those operative factors which have in the 
past determined satellite payload design weights, as 
well as other constraints which have so far pre- 
cluded much thinking about really huge payloads 
for observation satellites. 

The basic fact in satellite design is that the weight 
of components in orbit—the useful payload—is de- 
termined not by inspection or observation con- 
siderations, and not by the optics, but by booster 
availability and performance, as a boundary, or 
initial, condition. Stated more simply, the designers 
of observation satellites must first look at booster 
availability, and then attempt to use whatever 
weight such booster configurations and perform- 
ance will allow them to put in orbit. 

These weights have, to date, been fairly small. 
As Maj. Gen. Don Ostrander, director of Launch 
Vehicle Programs for NASA, noted in the July 


Astronautics, Vanguard and Jupiter-C could place 
about a 25-Ib payload in a 300-mile orbit. The Juno 
II could perform the same mission with a 100-lb pay- 
load, Thor-Able and Scout with 200 Ib, and Thor- 
Delta with 480 lb. The Thor-Agena B will be able 
to raise payload weight for a similar orbit to 1250 
Ib, while the Atlas-Agena B will increase 300-mile 
orbit payload capability to about 5300 Ib. 


Greater Payload Capability 


Future vehicles will increase payload capability 
even further. For example, the Centaur vehicle will 
have half again the payload of the Atlas-Agena B 
in a low orbit, and nearly three times as much pay- 
load when used as a lunar probe. It is interesting 
to note also that Centaur performance objectives, 
as Gen. Ostrander noted, originally stemmed from 
Defense Dept. objectives (CONTINUED ON PAGE 66) 


Some Possible Observation Satellite Combinations: A Rough Outline 


Useful Life Data Recovery 


Typical Typical Short Long Phys- 
Kind of Typical Weight Altitude Ground (Week (Month _ ical Video 
Machine in Orbit (Ib) (Miles) Sensor Resolution orless) or More) Recovery Link Purposes 
Vanguard 20 300 = Scientific x x Scientific exploration 
instrumentation 
THOR-based 150 = Photo 60 ft x x Coverage of millions of 
systems square miles (Level A) 
300-1500 150 = Photo 20 ft x x Higher-resolution observa- 
: tion over limited areas 
(Level B) 
300 = Photo/TV 200-500 ft x x Meteorological observation 
300-4000 Photo/TV 200-2500 ft x x Meteorological observation 
ATLAS-based 3000-7500 150 = Photo 20 ft x x Higher-resolution coverage 
systems of millions of miles (Level 
(e.g., 3- B) 
stage 300 = Photo/TV 8-12 ft x x Cyclic observation of select- 
design) ed areas (Level C) 
3-6 ft x x x 
300 = Infrared x x Warning (ICBM Firings) of 
surprise attack 
300 = Electronic x x Electronic observation, com- 
munications relay, etc. 
300- Photo 100-2500 ft x x Mapping 
4000 
Nuclear or 20,000-— 500- All types, plus 1 ft (at 500 All. missions listed above, 
large 1,000,000 25,000 radar miles) x x x plus night-time observa- 
chemical tion observation 
rocket 


through clouds. 
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Interceptor Vehicles 
(CONTINUED FROM PAGE 31 ) 


missile from its intended trajectory. 
The only endo-atmospheric maneuver 
capability required is that necessary 
to make the turnover in the proper 
direction, similar to an IRBM or 
ICBM. Similarly, heat-protection re- 
quirements are nominal because the 
missile exits the lower atmosphere 
rather quickly. 

Mid-course interception is very un- 
likely to prove sufficient in itself be- 
cause of accuracy and decoy-sorting 
problems. It should be considered as 
an adjunct to a terminal defense. 

Interception of enemy missiles dur- 
ing or shortly after their boost phase 
requires that ground-based intercep- 
tors and their guidance systems be 
based about the perimeter of enemy 
territory. Political and logistic con- 
siderations make such a defense prob- 
lematical. In any event, the inter- 
ceptor requirements would be similar 
to those already discussed for a termi- 
nal-phase interceptor, except that 
higher average velocity is necessary. 

Political implications might _like- 
wise prevent employment of an air- 
craft-based defensive system. In ad- 
dition, the enemy, by launching deep 
within his interior lands, can force the 
defense to intercept after burnout. 
Airborne radar equipment capable of 
tracking these small targets at the 
ranges required is not within the state 
of the art. 

At the present time, no_ political 
stigma attaches to satellite flight over 
enemy territory. Therefore a satellite- 
based system might be of interest if 
the logistic problems can sur- 
mounted. The present and _near- 
future state of the art precludes track- 
ing the re-entry body itself with satel- 
lite-borne equipment. 

Hence, the enemy missile must be 
intercepted prior to burnout when it 
is a larger target and a good IR source. 
Two methods of destruction can be 
considered: 

Destroy the warhead. 

Destroy the propulsion system early 
enough that the warhead does not 
land on the territory being defended. 

The first method requires a potent 
warhead in the defensive missile. 
Further, after successful intercept, the 
terminal defense should be notified 
that that particular enemy warhead 
has been rendered ineffective—a diffi- 
cult communication problem. On the 
other hand, a propulsion system is 
a relatively soft target and might be 
destroyed by a conventional or opti- 
mum-fragmentation warhead. This 
must be accomplished sufficiently be- 
fore burnout that the warhead does 
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Kodak reports on: 


seeing the signal among the noise . . . how to straighten out the Eastman Organic Chemicals 
Department... an optical material that sees two ways despite hot air 


A human talent 


The June issue of Scientific American contained an article full of learned specula- 
tion on the neurological mechanism by which lines, straight and curved, are per- 
ceived. Whatever the mechanism, the fact remains that the nervous system is very 
good at seeing a line from exceedingly faint physical stimuli. We had been thinking 
about this a lot and about ways it could help solve the nasty signal-to-noise 
problem that keeps cropping up on such occasions as when defense from sub- 
marine attack is considered. Today’s almost instantly available photographic im- 
ages make a fine bridge from an electronic system to a human nervous system. 
For example: 


1. Instead of an ordinary A-scope trace like : let's modulate intensity and sweep over mov- 
This... ing film with much overlap ... 


2. so that even when the significant pulse . photographic summing-up finds it rather easily; 
stands out from the noise no more than this... 


3. and even when the A-scope shows only this... . the weak but non-random blip holds position 
and builds up from all the sweeps to where 
the marvelous combination of photography and 
human perceptive mechanism says, “There!” 


Organizations active in military developments who wish to know more about this work 
should communicate with Eastman Kodak Company, Apparatus and Optical Division, 
Rochester 4, N. Y. 


One hole 


If you want to make an object move 
through the air at speeds up to Mach 
6 and need something to cover up the 
hole through which it has to look to 
decide where it wants to go, there is 
much to be said in favor of Kodak 
Irtran-1 optical material.* 

Not only will it keep the hot wind 
out, but it will also let through both 
infrared and microwaves to steer by. 


Materials that perform all three of 


Rochester 3, N. Y. (Division of East- 
man Kodak Company) will straighten these functions simultaneously are few. 


us Out. *Formerly designated ‘“‘Irtran AB-1.” 


Only the green is up-to-date 


A new catalog of some 3800 Eastman 
Organic Chemicals for laboratory use 
has now been mailed out to every liv- 
ing soul of whose interest we are cur- 
rently certain. It has a green cover and 
is marked “No. 42.” If you have not 
received it by now, its absence indicates 
we don’t know you want it. A note to 
Eastman Organic Chemicals Depart- 
ment, Distillation Products Industries, 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 


In fact, after you mention /rtran-/] ma- 
terial you run out of good alternatives 
for the moment. 

In the 8 to 12 kilomegacycle region 
it has a dielectric constant of 5.1 and 
a loss tangent of about 10-4. Decibel 
loss per meter for low-loss materials is 


tan ¢ 


ho 


where K =dielectric constant 
2. =wavelength in vacuum 
tan 6 =loss tangent 
6 is the complement of the vector 
angle whose cosine the power en- 
gineer calls “power factor.” 


One untuned /rtran-/ sample .012” 
thick we tested in the X-band fre- 
quency range introduced an attenua- 
tion of less than 0.3 db and exhibited a 
maximum standing wave ratio of 1.5 
over the band. 

It is true that the plastics commonly 
used for radomes have kilomegacycle 
dielectric constants down around 2 or 
3, which seems better because it brings 
the plastics closer to non-existence, 
radarwise. But they don’t transmit 
infrared rays. On the other hand, there 
are materials that are good for infrared 
transmission but have a dielectric con- 
stant up around 13 at 9.4 kmce. 

Kodak Irtran-1 optical material 
(which we can now make in 6” hemis- 
pherical domes) is not at all bad in the 
infrared. 


TRANSMITTANCE 


IRTRAN-1 OPTICAL MATERIAL 


1/16 thick 
20} + + + + t 
+ + + + + + + * 
1 2 3 4 5 6 7 4 ? 


WAVELENGTH IN MICRONS 


Notice how this transmission stands 
up to heat. Samples kept at 800°C in 
air for 45 minutes show no subsequent 
transmittance change; small polished 
samples heated to 120°C survive a 
plunge into 30°C water. One needn't 
worry about shedding an anti-reflection 
coating at high Mach. Since the re- 
fractive index of the material runs from 
1.38 at lu to only 1.32 at 6y, it doesn’t 
need any anti-reflection coating. 

If microwavers are going to be looking 
out of the same hole as optickers, they can 
sneak up on the optickers” thought y 
patterns by requesting data 


Irtran material from Eastman : 
Kodak Company, Special 4 
Products Division, A 
Rochester 4, N. Y. 


TRADE MARK 
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not land on the territory being de- 
fended. 

A feeling for interceptor velocity re- 
quirements can be obtained from the 
graph on page 31. It can be seen 
that even with high velocities a large 
number of satellites is required to pro- 
vide complete coverage. Reaction 
control must be provided since the 
intercept will be exo-atmospheric. 
These requirements can be met in a 
straightforward manner. 

However, two very serious prob- 
lems (indeed fundamental questions) 
exist for a satellite-based interceptor: 
Gross weight and “shelf” life. Gross 
weight is a problem because of the 
high cost of putting a payload in crbit. 
Near-future vehicles will put payloads 
in orbit for around $1000 per pound. 
While this cost might reduce some- 
what for.the huge amount of payload 
required for a satellite-based defense 
system, it is unlikely to become sub- 
stantially lower with conventional pro- 
pulsion. Nuclear propulsion will re- 
duce this cost to the neighborhood 
of $1 to $10 per pound; but this is 
still several years away. The designer 
must weigh carefully the cost of 
achieving lightweight vehicles versus 
the cost of putting the vehicle in orbit 
in order to obtain least over-all cost. 
This is very different from the problem 
with ground-based vehicles, where the 
designer may accept higher gross 
weight to lower the cost. 

The shelf-life problem is also differ- 


ble; and, if trouble is encountered in 
routine checks, elements can be re- 
paired or replaced easily. This may be 
annoying and costly, but it is tolerable. 
On the other hand, once a vehicle is 
in orbit, maintenance becomes difficult 
to say the least. This presents a real 
challenge to the designer and to the 
reliability people. 


Toward Reliability 


It is always difficult to predict the 
future with any certainty, but certain 
trends seem evident that will affect 
missile design in the future. One of 
these trends is toward higher relia- 
bility. A few years ago a reliability of 
60 per cent was considered acceptable; 
indeed it was often viewed with pride. 
Now reliability of 80 to 90 per cent is 
sought and achieved. Further im- 
provement can be expected through 
advances in, for instance, solid-state 
technology. The importance of this to 
the defense is tremendous. Assume 
an engagement where time does not 
permit the “shoot-look-shoot” ap- 
proach and that 99 per cent proba- 
bility of target kill is required. With 
60 per cent over-all reliability, five 
shots are required; with 80 per cent 
reliability, three shots; and with 90 
per cent reliability, only two shots. 

The trend toward lighter weight in 
components such as warheads, elec- 


tronics, power supplies, and structures 


permits much higher performance 
with reasonable vehicle size and fixed 
propellant. At the same time, the 
specific impulse of propellants is in- 
creasing. This cheaper performance 
raises one particularly interesting pos- 
sibility: Having only two or three 
interceptor bases to defend the entire 
CONUS. The local defense center, of 
which there would be many, calls up 
interceptor missiles from the closest 
base to attack each target in its area. 
The prime advantage of this approach 
would be the increased difficulty of 
saturating the defense. Similar ad- 
vantage might accrue to a satellite- 
based defense system, although not to 
the same extent. 

Another trend of great interest in 
vehicle design—not restricted to the 
defensive missile—is that of designing 
the vehicle to fit the system rather than 
designing the system around the ve- 
hicle. Now that much experience has 
been accumulated with missiles, and 
basic feasibility questions have been 
laid to rest, it is possible to strive for 
the best system design considering all 
elements of the system including lo- 
gistics, maintenance, cost, etc. In this 
environment, it often pays handscme 
rewards to take deliberate penalties in 
one element of the system so as to 
extract greater benefits in other ele- 
ments. Here there is great scope for 
the imaginative designer and the pros- 
pect for much better products. ¢ 


Necessary Physics 
( CONTINUED FROM PAGE 34) 


explosions,” is used in a broad sense 
here because there are many appli- 
cations for them other than as nuclear 
weapons. For example, a_ high- 
altitude nuclear explosion will ionize 
or otherwise disturb the upper atmos- 
phere to cause radiation at many 
frequencies. This radiation (and 
debris) reacts with the atmosphere, in 
such a way that the air is heated, new 
molecular and atomic species are 
created, and hydrodynamic (and 
possibly hydromagnetic) shocks are 
formed. Also, the charged particles 
(electrons, betas, ions, or debris) in- 
teract with the earth’s magnetic field 
to create other phenomena, such as 
aurora. The resulting atmospheric 
effects all depend on altitude, latitude, 
longitude, and time of day. 
Theoretical analysis of a nuclear 
explosion, aside from the atmospheric 
effects, is extremely difficult. If 
atmospheric effects are included in the 
analysis, quantitative delineation of 
the problem becomes an almost insur- 
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mountable task. Nevertheless, be- 
cause of the importance of nuclear 
explosions and their effects on ballis- 
tic-missile defense, theoretical studies 
must continue. 

Rocket Exhaust Plumes. During the 
launch phase of a missile trajectory, 
the rocket exhaust offers a possibility 
for detection and tracking. This re- 
quires detailed knowledge of the spec- 
tral characteristics and plume structure 
of the rocket exhaust. The spectral 
characteristics depend not only on the 
type of rocket fuel and motor, but also 
on the atmospheric transmissivity. 
The plume structure also depends on 
the type of rocket fuel and motor. 
More importantly, however, it is 
strongly altitude dependent. Below 
some altitude like 200,000 ft the typi- 
cal shock diamonds occur. Above 
this altitude the shock diamonds disap- 
pear, and at very high altitudes por- 
tions of the plume may even move 
ahead of the rocket as it rises in its 
trajectory. 

Re-entry Flow Fields. During the 
re-entry phase of a missile trajectory, 
a flow field starts to form about the re- 
entry object at an altitude where the 


mean free path of the ambient atmos- 
phere is about the same order of mag- 
nitude as the diameter of the re-entry 
object. For typical nose cones this 
altitude is about 100 km. From 100 
km down to about 50 km the flow field 
is highly nonequilibrium in character, 
and this must be accounted for in the 
determination of physical parameters 
that may be used in a discrimination 
system. Some of these parameters in- 
clude flow field structure, radiation, 
plasma characteristics, contaminants 
due perhaps to ablation, and possibly 
heat transfer. Below about 50 km the 
flow-field equilibrates with a fairly well 
defined and sharp shock front. 

If the temperature in the flow field 
and wake is sufficiently high, so that 
free electrons are created by thermal 
agitation, field electrons will affect 
the propagation of radar signals. Thus 
a radar signature or cross section may 
be considerably different for a nose 
cone with a surrounding flow field 
than for one without. 

Upper-Atmospheric Physics. For 
the purposes of advanced _ballistic- 
missile defense studies it is convenient 
to define the upper atmosphere to be 


ent than in a ground-based system. 
On the ground, the vehicle is accessi- 7 
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... enables us to take a penetrating look 


into the fundamental nature of matter. 


One of our most challenging research programs is an 
investigation of the microstructure of solids. By studying 
defects in minute crystals, we are obtaining greater under- 
standing of these basic building blocks of nature. Eventually, 
we hope to learn how to modify or eliminate these defects and 
thus better control the physical and mechanical properties 
of materials. 

If you are interested in corporate-sponsored studies into the 
fundamental nature of matter, we welcome your inquiry. We 
offer you a research environment where the scientist receives 
real backing: superior research tools; the use of the nation’s 
largest computational facility; assistance from other scientists 
with complementary skills. 


Please send resume to Mr. F. W. Walsh, at the Research Laboratories. 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 
400 Main Street, East Hartford 8, Conn. 


OPPORTUNITIES 
for scientists in the 
physics of solids, 
liquids, gases, and 
plasmas. Current 
studies range from 
the fundamental 
properties of mat- 
ter to the applica- 
tion of scientific 
knowledge to prom- 
ising new products. 
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above 100-km altitude. Much has 
been written during the past two 
years, largely as a result of the IGY, 
about the structure of the upper atmos- 
phere; hence details will not be dis- 
cussed in this paper. Suffice it to say, 
there is still much to be learned that 
may be of importance to ballistic-mis- 
sile defense. 

Some interesting examples of newly 
discovered, though perhaps not 
pertinent, upper-atmosphere physics 
phenomena include the Van Allen 
belts, the existence of tritium in near 
space, and the existence of UV lines 


from He I at 584 A and He II at 304 


A. These and other phenomena are 
being examined to see if they might aid 
in a discrimination scheme. 

In some cases, a plasma can be de- 
fined as a gas for which the Debye 
distance is less than the mean free 
path. For the standard ARDC atmos- 
phere, this occurs at an altitude of 
about 250 km; thus above this altitude 
the atmosphere may assume certain 
plasma characteristics. If these could 
be used in a discrimination scheme, it 
might be important to know more pre- 
cisely the electron density, distribution 
function, and perhaps the electron and 
ion temperatures. 

As an example, it is known that a 
satellite accumulates a negative sur- 
face charge as it orbits about the earth. 
Such a charge moving through a 
plasma may induce plasma oscillations 
or other collective phenomena that 
may be useful for discrimination. To 
estimate such  electrohydrodynamic 
phenomena requires a knowledge of 
the quantities indicated above. 

Radar Probes. There have been 
many methods suggested for measur- 
ing the electron density in the upper 
atmosphere and in near space, but few 
of these methods appear to give reli- 
able answers, at least for altitudes 
above that corresponding to the peak 
of the electron density in the iono- 
sphere. One such method does, how- 
ever, offer promise of yielding quantt- 
tative results. 

As mentioned, the atmosphere 
above, say, 250 km _ has plasma 
characteristics. Electron-density fluc- 
tuations in this plasma should then 
cause some radar backscatter. From 
measurements of this incoherent 
scattering, such quantities as electron 
density, electron temperature, electron 
distribution function, ion density, and 
perhaps the earth’s magnetic field may 
be obtained as a function of altitude. 
Indeed, radar probes for this purpose 
are presently under construction by 
Cornell University (approx. 400 mc) 
and the National Bureau of Standards 
(approx. 40 mc). Also, Lincoln 
Laboratory’s Millstone Hill radar ap- 
pears to have measured some incoher- 
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A Hawk missile, at right, moves in at 
about 5000-ft altitude to kill a Little 
John bombardment rocket in recent 
test at White Sands. 

ent scattering from the ionosphere. 

A few of the more important 
pertinent programs include high- 
altitude chemical releases, coherent 
optical devices (lasers), nuclear wea- 
pons, hydromagnetic and _radio-fre- 
quency wave propagation, solar phe- 
nomena, and rocket and satellite re- 
search instrumentation, both inboard 
and for observational purposes. 

Most of these applied-research prob- 
lems require varying degrees of basic 
physical information. Some of this in- 
formation is being obtained in research 
laboratories throughout the world; but 
it has been necessary to set up addi- 
tional research programs to fill gaps in 
areas of particular importance to ballis- 
tic-missile defense. A few of these 
areas are as follows. 

Molecular Physics. By far the great- 
est need for information lies in this 
much-neglected field of physics. 
There are several reasons for this. 
First, the energetics of ballistic-missile 
defense are such that there is a pre- 
ponderant need for physical data in the 
energy region below 10 electron volts. 
Secondly, many of the relevant mole- 
cular processes are extremely difficult 
to either measure or compute. And 
thirdly, there is a lack of experienced 
physicists, perhaps due to the em- 
phasis on such fields as nuclear, solid- 
state, and plasma physics. 

Some of the more important prob- 
lems include molecular, atomic, and 
electron collision cross sections and 
transition probabilities (f-numbers), 
distribution functions, reaction rates, 
radiative transport theory, non-equili- 
brium processes, transport properties, 
line shapes and intensities, etc. As an 
example, the concentration of negative 
molecular and atomic oxygen ions in 
the upper atmosphere plays an impor- 
tant role in the analysis of the nuclear 
interference problem, and some of the 
relevant cross sections needed to com- 
pute the concentrations are not known. 

Plasma Physics. Relatively little is 
known about some of the basic physi- 
cal properties of plasmas, especially in 


the presence of external electric or 
magnetic fields. This is unfortunate, 
because there are many applications to 
ballistic-missile defense. For example, 
as mentioned, the upper-atmosphere, 
near-space, and re-entry flow fields 
have plasma characteristics. Addi- 
tional problems that involve knowl- 
edge of plasmas include hydromagnetic 
and RF wave propagation, high- 
altitude nuclear explosions, and rocket 
exhausts. 

Solid-State Physics. There is an 
expanding need for knowledge of 
solid-state physics problems related to 
ballistic-missile defense. Such prob- 
lems include the _ interaction of 
particles or radiation with surfaces, 
coherent optical devices, radiation 
or hydrodynamic shock progagation 
through solids, material and structural 
properties, general physical properties 
of solids and surfaces, and radiation 
damage, particularly the effect of 
neutrons and gammas on electronic 
components or systems. 

Nuclear Physics. Only a few prob- 
lems will be mentioned here, although 
there are many that appear to be of 
marginal interest to ballistic-missile 
defense at present. The interaction of 
nuclear radiation (neutrons, gammas, 
betas, and X-rays) with matter is of 
prime importance. For example, the 
early gamma ray fission spectrum still 
appears to be largely unknown. Also, 
there are many unknown neutron 
cross sections at low mev energies. 
These are important for determining 
shielding requirements against neutron 
fluxes. 

There are many other problems that 
could be mentioned that do not fall 
uniquely under these categories. A 
few of these include hydromagnetic 
tubulence, plasma instabilities, heat 
transfer, incoherent scattering, high- 
energy physics, fluid dynamics, and 
wave propagation. 

It is evident that there is a truly 
vast amount of research more-or-less 
directly of interest to ballistic-missile 
defense. This is partly because, with 
the exception of Nike-Zeus, an ade- 
quate ballistic-missile-defense system 
has yet to be defined. Hence much 
of the physics is exploratory in nature 
and aimed at attempting to find new 
phenomena, develop new devices, or 
determine physical parameters. Even 
for a fairly well-defined system such 
as Nike-Zeus there is still a great deal 
of research to be done. 

If there is any conclusion to be 
drawn from our discussion, it is that 
the country should make a definite de- 
cision that defense against intercontin- 
ental ballistic missiles is a requirement, 
and then provide for a considerable 
expansion of research in physics 
directed toward a solution of the 
problem. 


The Dueling Defense 


SIL-TEMP. great for its 

outstanding high temperature insulation. and 
ablation resistance in the missile and rocket field. 
figkible Sica fabric (99% SiO), the unique 
propertics of SHL-TEMP make it ideally suited to 
appheation hose cones, cxit cones, 
jet vanes and other components where extreme iem- ~ 
perature, strength, stability and low density are required. 


It has shown significant superiority to asbestos, fiberg! ass, 
_and. to-othér fibrous and non-fibrous organics, ino 
and metallics as a reinforcing material. 


In unimpregnated ‘form, this fabric bulkier 
for high temperature imsulation because of its lower thermal. 
conductivity, high melting point anil, ance to: 
chemical attack. : 


The higher Goality i is in its more cites: dimensions, mois- 
. ture content, density and pH. AND all asslires 
to, the molded part, 


QUALITY 
To FINAL ‘SHIPPING DESTINATION 
‘SIL-TEMP i is shipped i in 33% inch width rolls that are individually sealed in a SS 


“moisture resistant envelope which serves as a humidity barrier and keeps out dirt » seine > 


and foreign matter. In addition, each roll is packaged in a special cushioned com: 
tainer to prevent eesconk crushing or abrasion. These peepautions assure you 


of top quality. 
Haves's experienced will be happy to give you full: MATERIALS Div ISION 
your copy of our SIL-TEMP folder. Plastics Park « 4 8; Delaware = 


your particular application. For further information send for 
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Herodotus, the historian, 
records (490 B.C.) the use 
of burnished shields for 
military signaling. This 
was the forerunner of 

the heliograph, invented 
by Sir Henry C. Mance, 
which came into wide use 
centuries later. 


COMMUNICATIONS 


Lockheed’s interest in developing the science of communications extends from the 
depths of the oceans to deep space. Its Missiles and Space Division research programs 
deal with the development and application of statistical communication and decision 
theory in such areas as countermeasures; telemetry multiplexing and modulation; 
scatter communications; multiple vehicle tracking; millimeter wave generation and 
utilization; sonic signal detection and processing; avoidance of multipath degradation; 
and interference avoidance. 

Associated research and development efforts are directed toward propagation 
studies and advanced antenna design; low noise amplifiers; vehicle borne signal trans- 
mission and reception, data storage and processing; solid state materials and devices. 

The scope of such activities extends from advanced studies of naval communica- 
tion problems on and under the oceans; the many applications to satellite vehicles; 
on to the specialized communication problems of deep space explorations. Latter 
needs are exemplified by high frequencies, low weight and power, high stability, low 
effective bandwidth, extreme reliability and basic simplicity requirements. 
Engineers and Scientists: Investigating the entire spectrum of communications is 
typical of Lockheed Missiles and Space Division’s broad diversification. The Division 
possesses complete capability in more than 40 areas of science and technology — from 
concept to operation. Its programs provide a fascinating challenge to creative engi- 
neers and scientists. They include: celestial mechanics; communications; computer 
research and development; electromagnetic wave propagation and radiation, elec- 
tronics; the flight sciences; human engineering; magnetohydrodynamics; man in space; 
materials and processes; applied mathematics; oceanography; operations research and 
analysis; ionic, nuclear and plasma propulsion and exotic fuels; sonics; space medicine; 
space navigation; and space physics. 

If you are experienced in work related to any of the above areas, you are invited 
to inquire into the interesting programs being conducted and planned at Lockheed. 
Write: Research and Development Staff, Dept. J-14, 962 W. El Camino Real, 
Sunnyvale, California. U.S. citizenship or existing Department of Defense industrial 
security clearance required. 


Lockheed /wissites AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM; 
the Air Force AGENA Satellite in the DISCOVERER, 
MIDAS and SAMOS Programs; Air Force X-7; and Army KINGFISHER 


SUNNYVALE, PALO ALTO, VAN NUYS. SANTA CRUZ. SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL. FLORIDA ¢ HAWAII 


pre | | 

OF SPACE TECHNOLOGY IN 


24- hour commuter with an intercontinental job. Air Force Minuteman 
is a solid-fuel ICBM capable of instant action. It can be fired from a fixed base, railroad 


car or truck to a target 6,000 miles away. Its launching sites will be as flexible and 
widely dispersed as the country’s transportation network can make them. Its important 
re-entry vehicle, the ‘‘business end’’ of the ICBM, is developed and produced by 
Avco—also producer of warhead-carrying nose cones for the Titan and Atlas ICBM’s. 


AVCO CORPORATION, 760 THIRD AVENUE, NEW YORK 17, NEW YORK 
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UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS... WRITE AVCO TODAY. 
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BMD: The Problem 


(CONTINUED FROM PAGE 24 ) 


considerable clarity just exactly how 
difficult this problem appeared. In 
the past year and a half, nothing has 
occurred to change the statement he 
made at that time: 

“The elementary features of the 
threat (i.e., the nature of the re-entry 
body itself) as it appears to a defense 
system are three: 


High average velocity—short reaction 
time 

Compact and smooth—difficult to de- 
tect 


Extremely tough—difficult to destroy 
Conventional defense systems, i.e., 
those employing radar and intercepting 
missiles, can be built to give a high 
probability of kill if the attack consists 
of a small number of identified war- 
head-containing re-entry bodies within 
their zone of action. Nike-Zeus will 
have a capability to deal with such 
simple threats even though attacks are 
complicated by fragments of the rocket 


propulsion system which necessarily | 


accompany the re-entry body. 

“On the other hand, ballistic mis- 
siles deliver payload or tonnage which 
is at the offense designer's option to 
divide in a variety of ways. If the de- 
fense system is expected to be highly 
effective against a simple form of at- 
tack, the offense will trade yield for 
countermeasures, such as decoys and 
jammers, to take advantage of the 
natural weaknesses of defense systems 
and reduce the system effectiveness. 
The offense purpose, of course, is to 
maximize the yield (or desired effect) 
on target either by saturating, confus- 
ing, or avoiding the defense system. 
Some feasible and suitable divisions of 
payload are as follows: 

“Warhead-containing re-entry bodies 
—simple or staged: The body may 
enter smoothly or may be provided 
with separable drag skirts, and so ex- 
hibit a very erratic atmosvheric flight 
path. 

“Unshielded or shielded: Some of 
the yield may be traded for radiation 
shielding to reduce vulnerability. 

“Normal or artificial cross section: 
The body may be coated with radar 
absorbent material to reduce all radar 
ranges outside of the atmosphere. 

“Single or multiple: The payload 
may be divided into a number of small 
warhead-bearing re-entry bodies. 

“Decoys (radar is a surface- or 
length-measuring device): | Decoys 
are designed to simulate possible re- 
entry bodies under various conditions. 
In addition to specially designed de- 
coys, the tankage and other parts as- 
sociated with rocket propulsion sys- 
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tems provide a large number of radar 
decoys. 

“Free-space replicas: Very light- 
weight objects which simulate the re- 
entry body. 

“Re-entry decoys: Objects of con- 
siderably greater weight which behave 
during re-entry like warhead-contain- 
ing bodies. 

“Combined: It may be possible by 
advanced techniques to make low- 
weight objects which simulate re-entry 
bodies both in and beyond the atmos- 
phere. 

“Chaff: Simple chaff may be used. 

“Jammers: Radar is sensitive and is 
therefore vulnerable to jamming by 
small active barrage or spot jammers 
and repeaters, particularly at great 
ranges. 

“All such payload divisions, in re- 
sponse to an effective defense system, 
result in lower total yields delivered 
above a target but are calculated to re- 


sult in higher total damage to the tar- 
get. It should be noticed also that 
multiple missile attacks against given 
targets will probably be the rule, open- 
ing up the possible use of missiles 
which deliver countermeasures alone. 

“In the light of this discussion, it 
is evident that the defense system may 
be forced to deal with objects with be- 
havior exceedingly complex and er- 
ratic, which may appear in great num- 
bers, and which may embody large 
quantities of warheads. Finally, if 
indirect effects against populations, 
such as massive fallout or high alti- 
tude thermal radiation, are employed, 
the threatening objects will not neces- 
sarily ever be within reach of defense 
systems of purely local capability. 

“It is the consensus of technical 
judgment that the attack variations 
noted, as well as others not discussed, 
are possible in reasonable future time 
periods and that therefore the ad- 


Progress on the Arecibo Radio Telescope 


Sketch of the Arecibo Radio Telescope to be built in Puerto Rico. 


Cornell Univ., prime contractor for 
the design and building of the 1000-ft- 
diam Arecibo Radio Telescope in 
Puerto Rico, has issued a $250,000 
contract to TRG Inc. for a mobile-line 
source feed that will scan by rotating 
like a giant pendulum about the center 
of the fixed reflector. According to 
TRG, the last attempt to construct a 
feed of this type involved a 10-ft-diam 
stationary reflector. The new feed 
presents a challenge structurally as 
well as electromagnetically, as it will 
weigh 5 tons, measure 101 ft in length, 
and have 769 radiating slots, which 
will have to align within 2 in. under 
the forces of wind, gravity, etc. 

At the same time, Levinthal Elec- 


48 Astronautics / October 1960 


tronic Products, a subsidiary of Radia- 
tion Inc., received a $580,000 contract 
from Cornell to build a transmitter for 
the Arecibo system. This transmitter 
will produce 2.5-million watts of peak 
power and 150,000 watts of average 
power at approximately 430 mc. 

The giant Arecibo radio telescope, 
scheduled for completion in August 
1961, will be able to pick up a 3-ft- 
diam object (such as an earth-period 
satellite) at a range of 20,000 miles, as 
well as probe the characteristics of the 
ionosphere and interplanetary matter 
and receive radar signals from the 
moon and planets. 

Cornell is prime contractor to 
AFCRL, agent for ARPA. 


vanced defense complex must com- 
prise elements with an over-all cap- 
ability against the spectrum of the 
threat. 

“There are other concepts, less well- 
defined, which also need further work 
and are considered in the ARPA pro- 
grams. 

“The consensus of technical judg- 
ment is that the threat is potentially 
so varied that the advanced defense 
complex most probably must exploit 
several major concepts in its structure. 
It must also embody a considerable 
firepower capability to ceal with real 
threatening objects in large numbers.” 

Having been engaged in this re- 
search problem for some time now, 
ARPA would like nothing better than 
to be able to report that we have 
made tremendous strides in finding 
solutions to the problem of ballistic- 
missile defense. But unfortunately 
such is not the case. The effort in 
ARPA has been directed primarily at 
the problem of removing the un- 
knowns, of learning the basic physical 
factors which affect this problem, so 
that we may have a better understand- 
ing of the phenomena that are in- 
volved. Without such a basic under- 
standing, we have little hope of ex- 
tending our capability to meet the fu- 
ture threat. 


Nike-Zeus Effectiveness 


As was indicated in Johnson’s state- 
ment, if the threat is assumed to be 
a simple warhead, with little accom- 
panying it but debris from tankage, 
motor, guidance, and other parts, the 
Nike-Zeus anti-missile system can cer- 
tainly be highly effective. There is 
little informed opinion having it that 
Nike-Zeus will not succeed in meet- 
ing its basic design objectives. Of 
course, there is still a complete system 
test to go through with this weapon 
system; but the very wide background 
of experience in air-defense problems 
that exists in the Bell Telephone Lab- 
oratories, the Douglas Aircraft Com- 
pany, and many other companies as- 
sociated with the Nike-Zeus program 
virtually assures us that this develop- 
ment effort will succeed in this task 
that it has set itself in the time scale 
that has been predicted. 

The problem is not that of being 
able to handle the simple threat illus- 
trated by an entering nose cone with 
some debris accompanying it. The 
problem is to determine what level of 
effectiveness can be achieved against 
a complex threat. 

The threat is certain to be a com- 
plicated one that could include all the 
various things that Roy Johnson's 
statement referred to. In fact, it is 
highly probable that the threat in the 
time scale of 1964 to 1967 will not 
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In satellites and ground equipment. RCA space s\ 


With its third consecutive satellite success, RCA Astro-Elec- 
tronics Division has made “reliability” meaningful in space 
systems engineering and development. Read the “Reliability 
Record” for yourself. 

December, 1958: Project SCORE. AED developed the com- 
munications and control systems for the U.S. Army Signal 
Corps’ “Talking Atlas”, part of a program under ARPA, Dept. 
of Defense. Transmitters, receivers and control units in the 
satellite and at the ground stations all operated perfectly as the 
“Talking Atlas” broadcast the President’s Christmas message 
and proved the feasibility of active communications satellites. 

April, 1960: TIROS I. The sophisticated satellite, including 
its structural design as well as the electronic systems, and its 
ground stations were developed and built for NASA by AED 
under the technical direction of the U.S. Army Signal Corps. 
It accomplished its mission in meteorological observation, send- 


ing down over 20,000 TV pictures of earth and its cloud cover. 


August, 1960: Project ECHO. The only electronic equipment 
on this 100-foot balloon, launched by NASA to prove the 
feasibility of passive communications satellites, are two “dinner 
plate” beacon transmitters 10 inches across by % inch thick, 
including storage batteries and solar cells, These units, designed 
to permit beacon tracking of the satellite, weigh only 11 ounces 
apiece and were developed and built by AED. 

As more and more sophisticated space systems are developed, 
AED will continue to design for reliability in this most demand- 
ing of all environments. To find out how you can draw on this 
dependable R&D capability, contact the Manager, Marketing, 
RCA Astro-Electronics Division. If you are interested in par- 
ticipating in this challenging team effort, contact the Employ- 
ment Manager, Astro-Electronics Division, Defense Electronics 
Products, at RCA’s “Space Center” in Princeton, N. J. 


\ 
} The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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consist of a single warhead per ICBM, 
but may very well consist of warheads 
numbered in the ten’s for each ICBM 
delivered on target. The technology 
to do such a development job exists in 
our own country, and there is no 
reason to believe that the Russians are 
not also fully aware of its potentiality. 
The technology necessary to provide 
an assortment of decoys is also rela- 
tively well known. We must assume 
that, if such a means of assisting pen- 
etration is necessary, an enemy will 
take advantage of it. The unfortunate 
fact is, that the lead-time necessary to 
develop penetration aids is very much 
shorter than that needed to produce 
and deploy a major weapon system. 

Herein is probably the primary 
reason for a very large research pro- 
gram like the one supported by ARPA 
under the code name of Defender. 
We must seek to understand the fun- 
damental physics involved in problems 
of ballistic-missile defense, as well as 
to analyze new weapon systems con- 
stantly being proposed. Without an 
adequate understanding of the physi- 
cal factors involved, we cannot even 
define the maximum dimensions of the 
threat we must expect to face four to 
six years from now. It is this threat 
against which we must prepare our- 
selves. 

The lack of agreement on the nature 
of the future threat explains why the 
Nike-Zeus system is now being de- 
signed to have very considerable flex- 
ibility in terms of discrimination capa- 
bilities and fire power, so that it can 
cope with threats beyond the single 
warhead. It is one of the primary 
goals of the Defender program to do 
the exploratory research that will feed 
information to the Nike-Zeus develop- 
ment team and permit them to make 
maximum use of the flexibility that is 
being designed into that system, leav- 
ing that team free to concentrate on 
the difficult problems of development. 

Despite the absence of a completed 
missile defense and the continuing 


Radar Systems 
(CONTINUED FROM PAGE 27 ) 


has been discriminated and identified 
as a hostile warhead, it is necessary to 
intercept it. Since the tracking radar 
that performed the discrimination is 
the only equipment which knows 
which of the many objects is actually 
the one to be intercepted, it is logical 
that the same radar should be used to 
conduct the interception itself. If a 
warhead is to be intercepted at a range 
of 100 miles and destroyed by a kill 
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presence of many scientific unknowns, 
the ARPA Defender program has be- 
gun to return some dividends with the 
potential for a meaningful long-run 
pavoff. 

The capabilities of research radars 
have been extended and the ground- 
work laid for additional major im- 
provements in these essential research 
tools. Re-entry phenomena have been 
observed and measured and _ re-entry 
bodies have been photographed. In 
so doing, we have both established 
and refined research techniques and 
acquired substantive information of 
importance to the solution of the bal- 
listic-missile-defense problem. 


Re-entry Radiation Charted 


Actually, models of missile trajec- 
tory phenomena—from launch through 
mid-course flight to re-entry—have 
been established over the RF and opti- 
cal ranges of the radiation spectrum. 
Considerable thought has been di- 
rected toward development of the most 
effective means to reduce, understand, 
and disseminate the data which have 
been recorded. 

There has been participation with 
the United Kingdom observing 
flights of the Black Knight test ve- 
hicle at the Woomera range in Au- 
stralia. Significant effort has been 
devoted to the establishment of a full- 
scale field laboratory scheduled for 
operation in 1962 as part of the Pa- 
cific Missile Range. 

The very existence of the Defender 
program is integrating this total re- 
search effort and has led to the gradual 
definition of the problems involved 
with greater clarity and precision for 
presentation to those—in science, in- 
dustry, and the government—who are 
best able to contribute to their reso- 
lution. Approximately 250 contracts 
have been let to industry, university, 
and research groups in order to mo- 
bilize the best brains in the nation in 
the search for workable solutions. 


mechanism having a high probability 
of effectiveness at a range of 60 ft, 
then the accuracy required from the 
sum of all sources is 1 part in 10,000, 
or 0.1 mil. Range accuracy in such 
a case must also be 60 ft. Such pre- 
cision is possible against a single ob- 
ject, but it is obvious that to perform 
such a feat in the presence of many in- 
terfering objects is sure to be quite dif- 
ficult. Different system parameters 
will, of course, put different require- 
ments on accuracy, but it is at once 
evident that direct hits by an inter- 
ceptor command-guided from the 
ground are not very likely. 


Moreover, in Defender’s brief ex- 
istence, the concerted attack on the 
whole range of missile-defense prob- 
lems has led to the elimination of many 
unfruitful approaches and to the identi- 
fication of others which appear to 
merit further research and study. The 
significance of this accomplishment 
should not be underrated. We have 
not lacked in the supply of ideas. Be- 
ginning research in a largely unex- 
plored subject, and placing a premium 
on imagination, there has been room 
for many new ideas and concepts, 
each warranting evaluation with great 
care. Now, with a foundation of ex- 
perience which was lacking two years 
ago, and with a feeling for the avenues 
which should be explored more fully, 
it is possible to take a more sanguine 
view of the future likelihood of an 
effective defense against ballistic mis- 
siles, 

The point to remember is_ this. 
Whether we can have a defense against 
the ballistic missile is not really at 
issue; we can certainly have such a de- 
fense in a time frame that will prob- 
ably match the expected large build-up 
of intercontinental or submarine- 
launched ballistic missiles in the hands 
of an enemy. The basic question at 
issue is simply whether the cost of that 
defense will be commensurate with the 
level of defense that can be expected 
in the face of a very highly complex 
threat. 

Until we understand enough about 
the basic problems involved to insure 
that the facts are generally accepted 
by those concerned with military 
weapon systems, there is no hope of 
coming to any definitive judgment 
as to the effectiveness of any system 
we might design and deploy. It is 
for this reason that the ARPA De- 
fender program is concentrating on 
exploratory effort, leaving to the var- 
ious services the development of sys- 
tems that are possible in terms of to- 
day’s state of missile and guidance 
technology. 


To conclude, it has been shown that 
the requirements of detection, acquisi- 
tion, and tracking of ballistic missiles 
make necessary very large and very- 
high-power radar systems as well as 
systems possessed of a large amount 
of resolution and excellent accuracy. 
Since all of these things are expensive, 
it can be inferred that radars for mis- 
sile defense are costly. The short 
period of warning available in missile 
attack adds the requirement of ex- 
treme reliability, inasmuch as_ the 
radars must be ready to operate at any 
time with a few moments warning. 
This adds further to cost. ne 


TOTA 


For 
stre 
pro. 
rec 
gro 
Bur 
cial 
Cor 
ess 
Atle 
dev 


| 


COMPUTENCE 


TOTAL COMPETENCE IN COMPUTATION AND DATA PROCESSING—THE BREADTH, THE BRAINS AND THE BACKGROUND 


For instance, ALRI: USAF Airborne Long Range Input Program, one more demon- 
stration of Computence—and Burroughs Corporation—throughout the contract team 
program. The objective: a seaward, airborne extension of SAGE via radar-equipped 
reconnaissance aircraft, processing data in flight and transmitting it through 
ground receiving sites to central direction centers. Total competence: the way 
Burroughs Corporation, as System Manager, directs the integration of the spe- 
cial skills and facilities of its team*. Total computence: the way Burroughs 
Corporation, also a team member, develops ALRI’s miniaturized airborne data proc- 
essors—reflections of its breadth (R & D through field service), brains (Such as the 
Atlas guidance computers, data processing for Polaris) and background (75 years 
devoted to computation and data processing). 


*Lockheed Aircraft Service, Inc.@Packard Bell Electronics oe B 

Corporation@Philco Corporation@ Military Electronic Com- Burroughs urroughs 
puter Division of Burroughs Com- 

munications, Inc.@GPL Division of General Precision, Inc. C 2 
and@AC Spark Plug Division of General Motors Corporation. orp orat 10n 


“NEW DIMENSIONS / in computation for military systems” 
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People in the news 


APPOINTMENTS 


George Sutton, a Past-President of 
ARS, has been appointed manager of 
development planning at Rocketdyne. 


Gerhard Schilling, former NASA 
chief of its Lunar and Planetary Sci- 
ences Program recently joined the 
Rand Corporation, where he is con- 
ducting research on space exploration 
problems. He is currently a member 
of the AF Scientific Advisory Board, 
and had been program director of the 
U.S. IGY Committee. 


J. E. Goldman and E. D. Marande 
have been named associate directors of 
Ford Motor Co.’s Scientific Labora- 
tory. At the Aeronutronic Div., Rob- 
ert G. Evans has been appointed man- 
ager of Prototype Fabrication. 


R. C. O’Rourke, formerly with NRL, 
has been made head of the Advanced 
Research Dept. for Edgerton, Germes- 
hausen & Grier, Inc. Dr. O’Rourke 
received the NRL’s E. O. Hulbert 
Award in Science in 1958. 


John W. Buffington has been named 
assistant to the president of Grand 
Central Rocket Co., and Col. George 
Cechmanek, corporate counsel for the 
company. Buffington comes to GCR 
from General Mills, where he was 
manager of planning and development, 
Mechanical Div. 


New chief of system design for The 
Martin Co.’s Nuclear Div. is Milton 
F. Pravda. He previously was man- 
ager of reactor design for AEC’s Nat- 
ural Circulation Reactor project, 
Knolls Atomic Power Labs. William 
L. Hill becomes manager of Martin's 
corporate office at Huntsville, Ala.; A. 
R. Teasdale Jr. has been named tech- 
nical consultant for the company. 


Thomas T. Witkowski and John T. 
Underhill have been appointed direc- 
tor of long range planning and opera- 
tions manager, respectively. Witkow- 


ski, formerly chief engineer, has also 
named 


been assistant to Executive 


| ‘We 
O'Rourke Pravda 
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Vice-President Robert V. Werner. 


Russell Loftman has been ap- 
pointed manager of advanced plan- 
ning at Marquardt Corp.’s Cooper 
Development Div. where he had been 
program manager. William W. 
Brown and Ray Sherwin have joined 
the Nuclear Systems Div. as a re- 
search scientist and staff specialist on 
nuclear controls, respectively, and 
Ben Kimura will serve as a specialist 
in shielding methods and _ radiation 
heating effects. Don J. Lynn _ has 
joined the Neutronics Section of NSD. 


Wladimir Reichel, chief of basic de- 
sign for Norden Div. of United Air- 
craft Corp. and engineering manager 
of its Ketay Dept., has been named 
corporate engineering counsel. Law- 
rence F. Jones has joined the division 
as chief of the digital group in the 
Engineering Dept. 


Schuyler Kleinhans, formerly chief 
engineer at Douglas Aircraft Co., has 
been upped to director of advanced 
research, Charles R. Strang becomes 
chief engineer, transport aircraft en- 
gineering. 

GE’s Special Programs Section has 
announced the appointment of Wil- 
bert Schwartzapfel as manager, mis- 
sile systems engineering. At the Mis- 
sile and Space Vehicle Dept., A. E. 
Schwerin will head the company’s 
newly formed Skybolt Re-entry Ve- 
hicle Program office. Serving under 
Schwerin will be R. M. Dietz, as pro- 
gram engineer; V. E. Boccelli, as 
project engineer, plans and schedules; 
P. J. Politica, as project engineer, 
technical requirements; and R. G. 
Myers, project engineer, design. 

Dause L. Bibby, formerly execu- 
tive vice-president, has been named 
president of the Remington Rand Div. 
of Sperry Rand Corp. 

K. H. Hoffman, former manager, 
transmissions operations at the Allison 
Div. of General Motors has been 
named administrative assistant to the 


Reichel Schwartzapfel 


general manager. R. E. Lynch, former 
manager, aeroproducts operations of 
the division, succeeds Hoffman.  Fol- 
lowing appointments have been made 
in the division’s aircraft engine opera- 
tions: W. G. Emmick, chief of the 
new Technical Services Group; G. E. 
Holbrook, head of production engi- 
neering, succeeding W. C. Oestrike, 
who has been named assistant man- 
ager, reliability section; R. E. Cutler, 
chief design engineer, engine controls 
and performance; D. G. Zimmerman, 
assistant manager, dual-compressor en- 
gines; J.M.Whitmore, chief test en- 
gineer; J. S. Brody, head of electronics 
and parts department; E. G. Ander- 
son, chief, project control for turbine 
engines; and §S. B. McDonald, chief, 
project control for research. 


Robert Spies has joined Electro- 
Optical Systems, Inc., as a scientist in 
the Energy Research Div., where he 
will work on advanced power systems 
for space vehicle applications. Charles 
Robert Hill has been named to the 
senior technical staff as a member of 
the Military/Space Systems Div. 


Hugh Boyd of Goodyear Aircraft 
Corp. has been named planning com- 
mittee chairman of the Anti-Subma- 
rine Warfare Advisory Committee, Na- 
tional Security Industrial Council. At 
Goodyear, Boyd is a specialist in anti- 
submarine warfare systems. 


Saul Gordon, consulting staff spe- 
cialist for chemistry in the Pyrotechnics 
Laboratory at Picatinny Arsenal, has 
accepted an appointment as assistant 
professor in the Chemistry Dept. of 
Fairleigh-Dickinson Univ., Florham- 
Madison Campus in Madison, N.]J. 

Van W. Bearinger, associate re- 
search director, Minneapolis-Honey- 
well Regulator Co., has been upped 
to director of research. 


John Mihalic, a vice-president of 
Avco Corp. and president of its Nash- 
ville Div., has been appointed presi- 
dent of its former Crosley Div. ¢¢ 


Bearinger Mihalic 


Thor-Delta launches payload to- 
ward 900-mile orbit 


At altitude, satellite is released, inflates to 
100-ft. diameter in two seconds 


“Project Echo” satellite in orbit, ready to reflect radio 
signals from NASA transmitters on earth 


New plastic moon lets all our scientists 
share in satellite tests 


Your voice may “echo” around the 
world as a result of this cooperative 
Space Age project... 


“Project Echo,’’ National Aeronau- 
tics and Space Administration’s satel- 
lite launch, comes like a ‘‘windfall”’ 
research grant to scientists. 


The aluminum-coated plastic 
sphere went into orbit folded inside 
the nose of a Douglas Thor-Delta. 
Researchers have been invited to fur- 
ther their own experiments with the 
aid of radio signals bounced off the 
satellite by NASA transmitters. Data 


on the orbit and signals is being wide- 
ly publicized by NASA in the belief 
that “‘cooperative tests’’ can result in 
new civilian space research advances. 


Such satellites may one day be 
used as global relay stations for radio, 
voice and TV signals. While this sys- 
tem is not a reality, the booster that 
can put it up already is. Douglas 
Thor has proved itself successful in 
87% of its space firings. This de- 
pendable launcher is another product 
of the imagination, experience and 
skill Douglas has gained in nearly 20 
years of missile development. 
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ARS news 


Prospective Honolulu Section Forming 


JF ems the guidance of Florida Sec- 
tion Past-President Capt. Robert 
F. Sellars, USN, a Honolulu Section is 
in the process of being formed. Four 
meetings have been held to date, offi- 
cers have been elected, bylaws have 
been drawn up, and 25 prospective 
members have submitted their appli- 
cations. A meeting on August 10 was 
highlighted by a talk by William E. 
Mileski, manager of the Kaena Point 
Satellite Tracking Station, operated for 
the U.S. by Lockheed Aircraft. He 
gave an exceptionally fine presentation 
on the history of the Discoverer pro- 
gram, of high interest because Dis- 
coverer XIII had been placed in orbit 
the same day. Approximately 100 
persons attended this meeting, which 
was a joint IRE/ARS get-together. 
Future presentations will include dis- 
cussions on the Nike-Hercules/Zeus 
and Polaris programs. 

Officers of the proposed Honolulu 
Section are as follows: Capt. Robert 
F. Sellars, president; E. F. Hiser of 
Lockheed Electronics, vice-president; 
Cmdr. G. P. Peed, USN, secretary; 
and William E. Mileski of Lockheed 
Aircraft-Kaena Point, treasurer. 

Hawaii provides great opportunities 
for the AMERICAN Rocker SocIeTy 
because of its potential in the rocket 
and space fields and because of its 
geographical location within the 
Pacific Missile Range. Instrumenta- 
tion and tracking stations for the Dis- 


Tracking and monitoring antennas at Kaena Point Satellite Tracking Station in 
Hawaii. 


coverer, Mercury, and Nike-Zeus proj- 
ects are being constructed or are in 
operation. The Islands’ ideal loca- 
tion for future launchings and _ soft 
landings of manned space vehicles 
should be thoroughly investigated. 
The potential of Hawaii as an opera- 
tional space center is simply tre- 
mendous. As soon as industry fully 


AGARD Holds Meeting on Advanced Propulsion 


On August 24-26, the California 
Institute of Technology was host to 
the AGARD Combustion and Propul- 
sion Panel Conference on Advanced 
Propulsion, the third of a series spon- 
sored by the Panel, the two previous 
conferences having covered the chem- 
istry of propulsion and high-speed air- 
breathing systems. 

The purpose of this conference, or- 
ganized by S. S. Penner of CalTech, 
AGARD Combustion and Propulsion 
Panel chairman, with the advice of T. 
von Karman, chairman of AGARD, 
was to generate ideas and guides for 
future research in the NATO coun- 
tries. Some 200 scientists and engi- 
neers associated with AGARD pro- 
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grams attended to hear a varied pro- 
gram of papers on nuclear, ion, and 
MHD propulsion systems and _ associ- 
ated technology for spacecraft. 
Rothrock and Cooley of NASA 
spoke on the relation of present nu- 
clear-power programs to space proj- 
ects. Some very interesting engineer- 
ing approaches to the mechanics of 
solar-energy collector systems were 
shown on slides by Dr. Cooley. 
Schreiber of Los Alamos, Merkle of 
Univ. of California Radiation Lab, 
and Savage of GE covered Project 
Rover, Project Pluto, and GE work on 
the nuclear turbojet, respectively. Dr. 
Merkel stressed the need for research 
and development on high-temperature 


realizes that this potential is present, 
the technical economy of Hawaii 
should exceed the most conservative 
forecasts. It may be hoped that the 
ARS Honolulu Section will play an 
important role in the technical devel- 
opment of Hawaii in the missile, 
rocket, and space field. 

—Capt. R. F. Sellars, USN 


ceramics and novel mechanical means 
for putting new ceramics to use effec- 
tively. His slides indicated that a 
large-scale Pluto test engine was about 
to be operated. 

Dulgeroff of Rocketdyne and Lang- 
muir of TRW Research Lab discussed 
ion propulsion. Dr. Langmuir noted, 
among other things, that the successful 
operation of an ion engine depends on 
the achievement of charge neutraliza- 
tion, and that neutralization is not 
well understood at the moment. He 
feels that one reason for this is that ion 
beams heretofore employed the 
laboratory have perveances several 
orders of magnitude lower than re- 
quired for moderate-size ion motors. 

Schultz of Space Systems and In- 
dustrial Automation of Burbank gave 
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Will The Mission 
Succeed ? 


Ask... 


Flight-line checkout by DATS (Dynamic Accu- 
racy Test System) tells the interceptor com- 
mander whether his aircraft and weapon control 
systems are completely ready for a successful 
mission. As a result of field evaluation tests, 
showing the effectiveness of DATS in improv- 
ing weapon control performance, RCA has 
been awarded an Air Force production con- 
tract. Developed by RCA’s Airborne Systems 
Division, Defense Electronic Products, 
Camden, New Jersey, DATS is a new ap- 
proach to the evaluation of system readiness. 


(Dynamic Accuracy Test System) 


It makes certain that only aircraft with prop- 
erly operating weapon control systems are 
sent on missions. Based on a building-block 
design employing the highest reliability fac- 
tors, a mechanical programming device and 
self-test capability, DATS utilizes a series of 
synthesized attack runs typical of mission 
conditions. DATS could be made applicable 
to many interceptor types of aircraft. 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 
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a paper titled “Electrical Propulsion 
with Colloidal Materials.” Dr. 
Schultz indicated that particles with 
charge-to-mass ratios of about 80 cou- 
lombs per kilogram have been gener- 
ated at a needle tip at the rate of sev- 
eral hundred microamperes under a 
potential of about 12,000 volts. He 
stressed the need for experimental 
work in this little-touched field. 

Clauser of STL and Janes of Avco- 
Everett gave papers on the status of 
MHD propulsion. Dr. Clauser com- 
mented that magnetic-induction 
motors in the 10,000-sec I,, area 
would probably have a lower-thrust 
limit of about 1 Ib. 

The papers by Clauser and Janes 
were followed by an open discussion 
led by a panel (photo right) com- 
posed of S. Kash of Lockheed Mis- 
siles and Space Div., F. E. Marble of 
CalTech, J. Teem of Electro-Optical 
Systems, Inc., and Clauser, Janes, and 
Schreiber, moderated by F. Watten- 
dorf, AGARD Director. This panel 
outlined areas of promising basic re- 
search. 

During the conference, representa- 
tives from other NATO countries in- 
dicated that their immediate goals 
were not directed as actively toward 
actual spaceflight programs as are 
those of the United States, but at the 
same time they noted that much basic 
research being conducted in Europe 
was applicable to advanced propul- 
sion systems. 

The proceedings of this AGARD 
Conference on Advanced Propulsion is 
expected to be published by AGARD 
about January 1961. 

—R. Watson, CalTech 


Program Committee 
Vice-Chairman 


George Gerard has been appointed 
vice-chairman of the ARS Program 
Committee. Dr. Gerard is also chair- 
man of the ARS Structures and 
Materials Committee, is assistant 
director of research for the NYU Col- 
lege of Engineering, and has long 
been active as a consultant to the 
government on engineering problems 
of high-speed flight. 
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At the AGARD conference on advanced propulsion held at CalTech recently, 
this panel, discussing with the audience promising areas of MHD research, reacts 
cheerfully to a comment from the floor. From left, Milton Clauser, David 
Langmuir, S. W. Kash, F. Wattendorf (AGARD Director), F. E. Marble, R. 


Schreiber, and J. Teem. 


Six More Companies 
Become Corporate Members 


Six more companies have joined the 
list of AMERICAN ROCKET SOCIETY cor- 
porate members participating in So- 
ciety activities. The companies, their 
areas of activity, and those named to 
represent them are, as follows: 


Autometric Corporation, New York, 
N.Y., produces data gathering instru- 
mentation for rockets and_ satellites, 
does data processing of satellite infor- 
mation. Representing the company 
are Paul Raiburn, Robert Dressler, Al- 
bert A. Chesues, Ulrich K. Heidelauf, 
and Harry Gewertz. 

Ball Brothers Research Corpora- 
tion, Boulder, Colo., engaged in rocket 
and satellite instrumentation manufac- 
ture, payload engineering, high-per- 
formance servo mechanisms, optical 
instrumentation, telemetry systems and 
attitude control systems. Company 
representatives to ARS are R. A. 
Gaiser, vice-president; R. C. Mercure 
Jr., director; D. S. Stacy, technical di- 
rector; O. E. Bartoe Jr., staff scientist; 
and F. P. Dolder, staff scientist. 


Cook Electric Co., Chicago, IIl., 
provides missile testing, rocket sleds, 
missile recovery and retrieval missile 
tracking systems, instrumentation, and 
ground communications — systems. 
Representatives are Alton D. Ander- 
son, Walter C. Hasselhorn, Maurice G. 
Hughett, James S. Thale, and Otto K. 
Weltin. 


Needco Group of Companies, 
Princeton, N.J., manufacturers of 
Neelium, thermoelectric material for 


cooling, heating, and power genera- 
tion, Frigistors (thermoelectric mod- 
ules) and various thermoelectric de- 
vices. Named to represent the com- 
pany are Charles R. Stahl, president, 
Needco of America, Inc.; John F. 
Brinster, president, General Thermo- 
electric Corp.; Roman Poslawski, pres- 
ident, Needco Cooling Semiconduc- 
tors, Ltd.; Maria Telkes, associate, 
General Thermoelectric Corp.; and 
John R. Bangs, application engineer, 
General Thermoelectric Corp. 


Owens-Corning Fiberglas Corpora- 
tion, Toledo, Ohio, produces basic ma- 
terials, and is supplier to manufactur- 
ers of component parts to the aircraft 
and missile industries. Representa- 
tives in ARS are Thomas R. Arnold, 
Paul L. Layton, G. R. Machlan, and 
Robert J. Weaver. 


Remington Rand Univac, Division 
of Sperry Rand Corp., St. Paul, Minn., 
will be represented by R. E. McDon- 
ald, J. D. Redding, R. P. Castanias. 
H. K. Smead, and W. F. Winget. 


ARS Representatives 
To CCIR Named 


Eight members of the AMERICAN 
Rocket Society, leaders in industry 
and experts in space communications, 
have been named to serve on the vari- 
ous Sub-Groups of the U.S. Committee 
for Study Group IV of the Interna- 
tional Radio Consultative Committee 
(CCIR) of the International Telecom- 
munications Union, chaired by Dr. 
John P. Hagen. 


Those named as representatives and 
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The elements guidance and control: 


Data Acquisition and Application 
Subsystems —!IBM has proven ca- 
pabilities to provide real-time 
man-to-machine and machine-to- 


machine elements of weapon guid- 
ance systems. In addition to the 
Bombing-Navigation system with 
its visual displays in the B-52, IBM 
also provides interface devices to 
apply this system to air-launched 
missile guidance. Federal Systems 
Division experience in air-based 
and ground-based guidance sys- 
tems is proven in operation. 


a 


Data Communications Subsystems 
—The SAGE data processing sys- 
tem, heart of America’s air defense 
network, embodies advanced com- 
munications devices and tech- 
niques required to filter and direct 
an enormous flow of data. Designed 
and built by the Federal Systems 
Division, the AN/FSQ-7, an ad- 
vanced system in operation, em- 
bodies processing and communica- 
tions power to direct defense 
operations as well as to guide mis- 
siles from remote sites. 


Data Processing and Control Sub- 


systems—Now in development, the 
Advanced Bombing-Navigation and 
Missile Guidance system is another 
example of IBM’s ‘‘closed-loop”’ 
system capability. This system sat- 
isfies the operating requirements 
of high-speed, long-range weapon 
systems. Compact, reliable equip- 
ment such as this and Federal 
Systems Division’s computer for the 
Titan missile guidance system are 
the result of IBM's vast background 
in data processing and control. 


all systems capabilities IBM 


IBM’s experience in data processing and data communications, supplemented by an extensive 
background in data acquisition, adds up to a three-way capability for developing, producing and 
integrating total automated systems. This capability is being advanced through continuing 
research in miniature high-speed devices for high-reliability guidance systems of the future. 


Federal Systems Division, 326 East Montgomery Avenue, Rockville, Maryland IBM 
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On the 


1960 


Oct. 3-5 
Oct. 3-8 
Oct. 4-6 
Oct. 6-7 


Oct. 10-12 
Oct. 12-14 
Oct. 14-15 
Oct. 20-21 


Oct. 24-26 


Oct. 26-27 
Oct. 27-28 
Oct. 31- 
Nov. 
Nov. 3-4 
Nov. 3-4 


Nov. 15-16 


Nov. 15-17 
Nov. 21-26 


Dec. 5-8 
Dec. 13-15 
1961 


Jan. 16-18 
Feb. 1-3 


Feb. 


March 13-16 
April 5-7 


April 18-20 


April 26-28 


May 22-24 
June 7-9 
Aug. 21-23 


Aug. 23-25 


Aug. 
Sept. | 


Oct. 9-13 


calendar 


IRE Sixth National Communications Symposium, Utica, N.Y. 
AGARD Aero Space Medical Panel, Istanbul, Turkey. 

IRE Conference on Radio Interference Reduction, Chicago, III. 
AGARD 10th General Assembly, Univ. of Istanbul, Turkey. 

ARS Anatomy of Manned Space Operations Conference, Bilt- 
more Hotel, Dayton, Ohio. 


AF Symposium on Astronautics, sponsored by AFOSR and Society of 
Automotive Engineers, Ambassador Hotel, Los Angeles. 

Symposium on Revolution in High-Speed Photography, Society of 
Photographic Scientists & Engineers, Washington, D.C 


Hypervelocity Projection Techniques Conference, Univ. of Denver, 


Colorado. 


Medical and Biological Aspects of the Energies of Space Symposium, 
sponsored by USAF Aerospace Medical Center (ATC), Granada 
Hotel, San Antonio, Tex. 


1960 Computer Applications Symposium sponsored by Armour Re- 
search Foundation, Morrison Hotel, Chicago. 


IRE Professional Group on Electron Devices Meeting, Shoreham Ho- 
tel, Washington, D.C. 


IRE 13th Annual Conference on Electrical Techniques in Medicine 
and Biology, Sheraton-Park Hotel, Washington, D.C. 


ARS and U.S. Naval Postgraduate School Conference on 
Electrostatic Propulsion, Monterey Calif. 


Ninth Annual Instrumentation Conference of Louisiana Polytechnic 
Institute, School of Engineering, Ruston, La. 


Symposium on Engineering Application of Probability and Random 
Function Theory, Purdue Univ., Lafayette, Ind. 


AF-Navy-Industry Propulsion Systems Lubricants Conference, spon- 
sored by ARDC & Southwest Research Institute, Granada Hotel, San 
Antonio, Tex. 


Colloquium on Space Research sponsored by Argentine National 
Committee for Space Research and Argentine Interplanetary So- 
ciety, Buenos Aires, Argentina. 


ARS Annual Meeting and Astronautical Exposition, Shoreham 
Hotel, Washington, D.C. 


Annual Eastern Joint Computer Conference, Hotel New Yorker and 
Manhattan Center, New York, N.Y. 


AAS Annual Meeting & Exhibit, Shearton Hotel, Dallas, Tex. 


ARS Solid Propellant Rocket Conference, Hotel Utah, Salt 
Lake City, Utah. 


IRE Winter Military Electronics Convention, Biltmore Hotel, Los 
Angeles. 


ARS Testing Conference, Biltmore Hotel, Los Angeles. 


ARS Conference on Lifting Re-entry Vehicles: Structures, 
Materials, and Design, El Mirador Hotel, Palm Springs, Calif. 


Symposium on Chemical Reaction in Lower and Upper Atmospheres, 
sponsored by Stanford Research Institute, Mark Hopkins Hotel, San 
Francisco. 


ARS Detonation and Deflagration Phenomena Conference, 
Palm Beach Biltmore, Palm Beach, Fla. 


ARS National Telemetering Conference, Chicago, Illinois. 
ARS Semi-Annual Meeting, Statler-Hilton Hotel, Los Angeles. 


ARS International Hypersonics Conference, MIT, Cambridge, 
Mass. 


ARS Biennial Gas Dynamics Symposium, Northwestern Univ., 
Evanston, Ill. 


International Heat Transfer Conference, Univ. of Colorado, Boulder, 


Colo. 


ARS SPACE FLIGHT REPORT TO THE NATION, New York 
Coliseum, New York, N.Y. 
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the Sub-Group appointed to are as 


follows: Ray Runyan, Data Control 
Systems, Inc., Sub-Group 1—Earth to 
Spacecraft; George P. Adair, George 
P. Adair Engineering Co., Sub-Group 
2—Earth to Earth; S. M. Kerber of 
Autonetics Div. of NAA and Max 
Lowy of Data Control Systems, Sub- 
Group 3—Spacecraft to Spacecraft; An- 
drew G. Haley, ARS General Counsel, 
and of Haley, Wollenberg & Kenehan, 
Sub-Group 4—Special Studies; George 
C. Tweed Jr., Convair Astronautics, 
Sub-Group 5—Silencing of Transmit- 
ters; William Erickson, Convair Scien- 
tific Research Lab, Sub-Group 6- 
Radio Astronomy; and Samuel L. 
Ackerman, Convair Astronautics, Sub- 
Group 7—Special Problems. 


SAM Announces 
Space Biology Program 


The USAF Aerospace Medical Cen- 
ter School of Aviation Medicine has 
announced the tentative program for 
its upcoming unclassified symposium, 
October 24-26, at the Granada Hotel 
in San Antonio, Tex. The Symposium 
will consist of three sessions. The 
first day’s session, October 24, will 
concentrate on “Delineation of the En- 
ergy Sources of Space”; the next day, 
October 25, on “Application of the 
Energies of Space for Biomedical Pur- 
poses”; and the third day, October 26, 
on “Protection from the Energies of 
Space.” Arrangements for the Sym- 
posium are being handled by South- 
west Research Institute. 


Rechtin, Zucrow Honored 


Eberhardt Rechtin, telecommunica- 
tion division chief at Jet Propulsion 
Laboratory, and an ARS member and 
consulting electronics editor of . Astro- 
nautics, has been awarded the 1960 
Achievement Award of the Seventh 
Region of the Institute of Radio Engi- 
neers. Dr. Rechtin is currently direct- 


ing construction of the U.S. deep space 
tracking network, 

Maurice J. Zucrow, fellow member 
and a director of ARS, received the 
Vincent Bendix Award of the Ameri- 
can Society for Engineering Education 
for 1960 “in recognition of his contri- 


Rechtin Zucrow 


| 
| 
| 
| 
| | | 
| 
= 
— 
| | t 
| 
Me 
| 


Johns-Moanville _MIN-KLAD I NTER LOK 


Se. 


... @ new structural system interlocking Min-K insulation and high-temperature reinforced plastic 


Missile experience shows that in certain 
heat control situations no one material 
will perform as well as two (or more)— 
an insulation with protective high-temper- 
ature facings. 


Problem is how to effectively combine 
these materials into a structurally strong 
unit? The answer is Min-Klad Interlok 


1) Outer facing, 2) Interlocking web, 3) Core, 


any one of several Min-K formulations, and 
4) Inner facing. 


All the above components combine to provide a 
custom-made structural strong insulating system. 


—a new structural system that interlocks 
Min-K insulation and reinforced plastic, 
metal or other high-temperature facings. 


The result: one product that gives the 
missile designer every advantage of high- 
temperature plastic or metal foil— 
strength, toughness, rigidity! Erosion re- 
sistance! High heat capacity! 


. plus the outstanding advantages of 


Min-K insulation—an insulating core that 
has the lowest thermal conductivity avail- 
able for service temperatures up to 2000°F 
steady-state, and higher for transients. 
Min-K’s thermal conductivity is actually 
lower than the molecular conductivity 
of still air. 


Wide range of facings 
For the hot face, the missile designer can 


JoHNS-MANVILLE 


specify Min-Klad Interlok in a wide 
variety of heat-resistant and/or ablating 
materials—asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
ments, the cool face can be made of a 
different material—for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 


Like all J-M Aviation insulations, Min- 
Klad Interlok is factory-fabricated to 
your specifications into external skin 
panels, heat shields, cylindrical liners or 
component housings of any shape or size. 
Write today for technical specifications. 
Address Johns-Manville, Box 14, New 
York 16, New York. In Canada, Port 
Credit, Ontario. 


MANVILLE 


DUCTS 
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butions to the literature of jet propul- 
sion and missile design, and for found- 
ing and directing the Jet Propulsion 
Center of Purdue University.” 


SECTION NEWS 


Fort Wayne. The following offi- 
cers were recently elected to head the 
Section: Paul D. Rodgers, president; 
Leland M. LaFevre, vice-president; 
and Robert J. Reis, secretary-treasurer. 


Pacific Missile Range. In its first 
meeting as an autonomous unit, the 
PMR Section turned out 100-strong at 
the Point Mugu Officers Club. Total 
membership now stands at 122. 

The group heard the story of Proj- 
ect Hydra, a locally developed con- 
cept, and viewed films of launches of 
the first configurations. The presenta- 
tion was given by Ledr’s John Draim 
and Charles Stalzer, USN, who 
evolved this technique of water 
launching. 

The Hydra concept, currently in the 


R&D stage at the Point Mugu Astro- 
nautics Dept., offers 70 per cent of 
the earth’s surface as a potential water- 
launching platform for military and 
scientific applications. 

Current plans for the new PMR 
Section, announced at the meeting by 
Lyman E. Wood, president, include 
visits to the Naval Missile Facility, Pt. 
Arguello, and San Clemente Island. 

—Arthur Menken 


Princeton. The following officers 
were recently elected to head the 
Section: Sidney Sternberg, president; 
David T. Harrje, vice-president; and 
Herman Gurin, secretary-treasurer. 


San Diego. The following officers 
were recently elected to head the 
Section: Warren H. Thiel, president; 
Edward T. Clare, vice-president; 
Homer M. Fuller, secretary; and 
Charles Bierman Jr., treasurer. 


STUDENT CHAPTERS 


Drexel Institute. The following 


President 
Vice-President 
Executive Secretary 
Treasurer 

General Counsel 
Director of Publications 


Ali B. Cambel 1962 
Richard B. Canright 1962 
James R. Dempsey 1961 
Herbert Friedman 1962 


Robert A. Gross 1962 
Samuel K. Hoffman 1960 
A. K. Oppenheim 1961 


G. Daniel Brewer, Solid Rockets 
Ali B. Cambel, Magnetohydrodynamics 
William H. Dorrance, Hypersonics 


James S. Farrior, Guidance and 
Navigation 


Herbert Friedman, Physics of the 
Atmosphere and Space 


George Gerard, Structures and Materials 
Martin Goldsmith, Liquid Rockets 


Andrew G. Haley, Space Law and 
ociology 


Samuel Herrick, Astrodynamics 


Maxwell W. Hunter, Missiles and Space 
ehicles 


David B. Langmuir, Ion and Plasma 
Propulsion 


American Rocket Society 


500 Fifth Avenue, New York 36, N. Y. 
Founded 1930 


OFFICERS 


BOARD OF DIRECTORS 


(Terms expire on dates indicated) 


Maurice J. Zucrow 1960 


TECHNICAL COMMITTEE CHAIRMEN 


Howard S. Seifert 
Harold W. Ritchey 
James J. Harford 
Robert M. Lawrence 
Andrew G. Haley 
Irwin Hersey 


William H. Pickering 1961 
Simon Ramo _ 1960 
William L. Rogers 1960 
David G. Simons 1961 
John L. Sloop 1961 
Martin Summerfield 1962 
Wernher von Braun’ 1960 


Max A. Lowy, Communications 
Irving Michelson, Education 


Peter L. Nichols Jr., Propellants and 
Combustion 


Eugene Perchonok, Ramjets 

Richard A. Schmidt, Test, Operations, 
and Support 

C. J. Wang, Nuclear Propulsion 


Stanley C. White, Human Factors and 
Bioastronautics 


George F. Wislicenus, Underwater 
Propulsion 


John E. Witherspoon, Instrumentation 
and Contro 


Abe M. Zarem, Power Systems 
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officers were recently elected to head 
the Chapter: Thomas Hayes, presi- 
dent; Teletski, vice-president; 
Warren Jamison, secretary; and Brian 
Daly, treasurer. 


Univ. of Louisville. The following 
officers were recently elected to head 
the Chapter: Jack T. Barnes, presi- 
dent; Kenneth R. Batcher, vice-presi- 
dent; Kenneth L. Thomas, secretary; 
and Leon C. Tallman, treasurer. 


CORPORATE MEMBERS 


Atlantic Research Corp. has opened 
a new technical service and liaison fa- 
cility to serve the Naval Ordnance Test 
Station, China Lake, Calif. It will be 
located adjacent to NOTS in the City 
of Ridgecrest . . . Avco has changed 
the name of its Crosley Div. to the 
Avco Electronics and Ordnance Div., 
and announced formation of a new 
Industrial Products Subdivision . 
Boeing recently dedicated its new 
65,000 square foot Boeing Scientific 
Research Laboratories at Seattle, 
Wash. . . . Callery Chemical Co. has 
entered into an agreement with Im- 
perial Chemical Industries Ltd. of the 
UK for an exchange of assessment in- 
formation of boron compounds . . . 
Collins Radio Co. is building a $1.4 
million addition to its Cedar Rapids 
manufacturing facilities. 


Douglas Aircraft has established a 
Deployment Div. to plan and execute 
installation and activation of military 
weapons systems . . . Electro-Optical 
Systems, Inc., has formed a subsidiary, 
Micro-Systems, Inc., for manufacture 
and sale of solid state devices 
General Motors’ Delco-Remy Div. soon 
will begin construction of a new engi- 
neering and research center on a 40- 
acre tract in Anderson, Ind. 
Eleven college professors participated 
in Hughes Aircraft’s 1960 school-in- 
dustry science and engineering pro- 
gram during August at the _firm’s 
ground systems group facility 
Litton Industries has signed an agree- 
ment which sets up a working rela- 
tionship with Kobe Kogyo Corp., Ja- 
pan, in the microwave and other elec- 
tron tube fields Lockheed’s 
Georgia Div. has formed an Aerospace 
Design Dept. in its engineering branch 


Marquardt Corp. has completed its 
new radiation effects laboratory which 
will be used primarily on work asso- 
ciated with their nuclear ramjet devel- 
opment program, Project Pluto 
Minneapolis-Honeywell Regulator Co. 
has formed the Special Systems Div. 
for the purpose of advancing the state 
of the art of complex integrated con- 
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RIGHT NOW, VITRO IS HELPING THE NAVY change torpedoes into underwater guided 
missiles, ™@ Today, wire guided torpedoes are key ASW weapons. Wire-guidance and bearing-rider fire control are 
essentials in modern underwater weaponry. Both were developed at the Silver Spring Laboratory. ™ Vitro engineers 
were responsible for the first wire guided torpedo system and its subsequent developments. These technical 
Specialists are now engaged in programs to apply advanced, original concepts to underwater ordnance. 


VITRO LABORATORIES’ Division of Vitro Corporation of America/SILVER SPRING, MD. + WEST ORANGE, N.J.e EGLIN AFB, FLA./OVERSEAS: GENEVA MILAN BOMBAY 
SCIENTISTS AND ENGINEERS: JOIN THIS TEAM 
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trol systems . . . An ultrafast IBM 
7090 has replaced two IBM 709’s at 
North American Aviation’s Rocketdyne 
Div. . . . Northrop Corp.’s subsidiary, 
Page Communications Engineers, Inc., 
recently completed an expansion pro- 
gram in its Research and Development 
Directorate . . . Radiation Inc.’s sub- 
sidiary Radiation Service Corp. has 
acquired the Electronics Services Div. 
of American Bosch Arma . . . Sperry 
Rand Corp. has begun construction of 
its new advanced research center at 
Sudbury, — Mass. The company 
awarded four-year college scholarships 
in Sperry’s 50th Anniversary scholar- 
ship competition to two June gradu- 
ates of Nassau and Suffolk (N.Y.) 
public schools . . . Thompson Ramo 
Wooldridge has established the Can- 
oga Park Div. in its Space Technology 
Labs, a subsidiary. TRW has also 
set up an Educational Electronics Div. 


Preprints Available 


ARS is making available preprints 
of the following scientific papers: 
“Limitations on Satellite Spotting from 
Space Piatforms” by A. C. Robertson 
(1142-60) and “Stability and Control 
of Nuclear Rocket Engines” by A. A. 
Stenning and H. P. Smith (1239-60). 
Price of preprints to ARS members is 
50¢; to student members, 35¢, and to 
nonmembers, $1.00. 
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1960-61 ARS Meeting Schedule 

Date Meeting Location Abstract Deadline 
Oct. 10O—12 Anatomy of Manned Space Operations Conference Dayton, Ohio Past 
Nov. 3—4 Electrostatic Propulsion Conference Monterey, Calif. Past 
Dec. 5—8 ARS Annual Meeting and Astronautical Exposition Washington, D.C. Past 
1961 
Feb. |—3 Solid Propellant Rocket Conference Salt Lake City, Utah Past 
March 13—1I6 Testing Conference Los Angeles, Calif. Oct. 17 
April 5—7 Lifting Re-entry Vehicles: Structures, Materials, Palm Springs, Calif. Oct. 31 

and Design Conference 
April 26—28 Detonation and Deflagration Phenomena Conference Palm Beach, Fla. Nov. 28 
May 22—24 National Telemtering Conference Chicago, III. Jan. 16 
June 7—9 ARS Semi-Annual Meeting Los Angeles, Calif. Feb. | 
Aug. 21—23 International Hypersonics Conference Cambridge, Mass. April 21 
Aug. 23—25 Biennial Gas Dynamics Symposium Evanston, III April 25 
Oct. 9—13 ARS SPACE FLIGHT REPORT TO THE NATION New York, N.Y. May 2 
Send all abstracts to Meetings Manager, ARS, 500 Fifth Ave., New York 36, N.Y. 


Directing the “Kill” 


A view over White Sands Missile Range shows the new 
high-power acquisition radar (Hipar) developed by GE’s 
Heavy Military Electronic Dept. for the Army and housed 
in large radome and tracking radars built by Western Elec- 
tric Company, prime contractor for the Nike-Hercules sys- 
tem. These advanced radars played a key role in the 
recent “kill” of one Nike-Hercules by another. According 
to GE officials, the new Hipar radar more than triples the 
defensive capabilities of the Nike-Hercules system, giving 
it ability to engage hypersonic aircraft, short-range ballistic 
missiles, and air-to-ground missiles. 
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America’s Agena is first 
orbiting satellite to send a 
capsule back from space 


On August 11 a Lockheed-built Agena 
satellite gave America a monumental 
“first” in the race to conquer space. With 
perfect timing, it dropped its payload 
into a recovery area near Hawaii. 

This brilliant feat, verifying the recov- 
ery technique, could not have been 
accomplished without the spadework 
already done by earlier Agenas in the 
Discoverer program of the U.S. Air 
Force. The Agena was first to be put on 
a predetermined orbit, a nearly circular 
orbit, and the difficult polar orbit; first 
to be commanded, monitored, and 
maneuvered on orbit; first to stabilize 
itself at an exact angle to earth; first to 
eject a recovery capsule. But the Dis- 
coverer program’s most important 
achievement has been to provide the Air 
Force with a tested satellite for its vital 
Midas and Samos programs. 

A larger, more powerful version, the 
Agena B, will be used in the satellite, 
lunar. and deep-space programs of the 
National Aeronautics and Space Admin- 
istration for several years. 


1 After first-stage Thor booster dropped away, As soon as it reached its orbit, the Agena satellite 3 During the Agena’s 17th pass around the earth, a 
" Agena satellite’s own rocket engine ignited and ® swung itself around 180°, so that it sped tail first = timing device triggered gas jets that tilted its nose 
drove it to exact speed to reach its planned polar orbit. on its 18,000-mph, 94-minute journey around the world. downward to a 60° angle for ejection of re-entry vehicle. 


4 After the vehicle’s retro-rocket (see main illustra- 5 Agenas are made at “Satellite Center, U.S. A.”— headquarters of Lockheed’s Missiles & Space Division at Sun- 
* tion) had slowed it to a safe re-entry speed, a para- * nyvale, California. Lockheed is prime contractor for the Discoverer program. Subcontractors are the General 
chute lowered the 300-pound capsule to recovery area. Electric Co. (recovery capsule), Bell Aircraft Corp. (Agena engine), and Douglas Aircraft Co. (Thor booster). 
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‘Missi ket 
Your complete | 
cuide to the | 
| 1150 
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. 22 Leading Missile Companies* 
exploration 
| 800 “4 
DICTIONARY 
500 - - + 
Dow-Jones Industrials | 
: ? JAN APR JUL OcT JAN APR JUL OocT JAN APR JUL OocT JAN 
As man probes further into space, a 1959 1960 
vital new language comes swiftly | | 
5 into being. This up-to-the-minute | 
reference work answers the needs | 
of the student and general reader, | Sept. August % Sept % 
as well as those in government and | aes 1960 1960 Change | 1959 Change ~ 
who Dow-Jones Industrials 626 617 +1.5 663 | —5.6 
of the essentia erminology in | 
space exploration. | Missile Index | 1041 978 +6.4 929 | +12.1 
| 
Thousands of clear, concise en- | 


tries, alphabetically arranged, 
present the most authoritative infor- 
mation on the language of rocketry 
: and astronautics, guidance systems, 
satellites, telemetering devices, 
manned space flight, re-entry phe- 
nomena, celestial mechanics and 
aeronautic science. 

“3 The dictionary’s editor, Frank 
Gaynor, had the assistance of the 
United States Department of De- 
fense as well as civilian agencies 
; and research centers in preparing 
e the book’s entries. America’s most 
= distinguished authority on rocketry 
ch and space travel, Dr. Wernher von 
Braun, has also assisted in the 
work’s preparation and contributed 
a provocative introduction 
: Why of Space Travel.” 
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WADD Man-in-Space Test Capsule Under Development 
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Check 


C) Check here if of eo C.0.D. The sketch depicts the capsule that Garrett Corp’s Ai- 
Research Mfg. Co. will develop for WADD under a $235,- 
Nome ....... | 000 prime contract. Capsule will allow study of pilots 

Pe | under simulated space conditions and testing of life-sup- KE 
| port components and systems. The capsule will be small 
| enough to fit into a larger environmental chamber or on a 


centrifuge. 
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opportunities in advanced component and 
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Observation Satellites 
( CONTINUED FROM PAGE 37 ) 


for a 24-hr communications satellite. 
Beyond Centaur lies Saturn, which, in 
its C-1 configuration, will be capable 
of putting 4500 Ib in a 22,700-mile 
(24-hr) orbit and soft-landing a one- 
ton package on the moon. The three- 
stage C-2 Saturn could approximately 
double this payload capability, while 
the addition of a fourth stage could 
triple the capability. Still farther in 
the future, the 6 million-lb thrust Nova 
vehicle concept would permit landing 
a manned spacecraft on the moon and 
then returning a 10,000-lb re-entry 
package to earth. 

An examination of the constraints 
imposed on observation satellite sys- 
tems by payload limitations is in order. 
These constraints are of three types: 
The quality of data obtainable; the 
quantity of data secured; and the time- 
liness with which this data can be de- 
livered to the consumer. 

Quality of performance is measured 
by parameters of resolution. This 
parameter, for the case of photo- 
graphic-visual satellites (using either 
photographic film or TV sensors), is 
usually described in terms of ground 
resolution—for example, 1 ft on the 
ground, 10 ft on the ground, ete. Un- 
fortunately, and this must be repeated 
as often as possible, this single figure 
is far from sufficient to describe per- 
formance. It has the virtue, however, 
of being calculable, and seems, how- 
ever erroneously, to be either under- 
stood or appreciated by many techni- 
cal people. 

The basic problem here is obvious 
and simple. The things we are inter- 
ested in observing from satellite alti- 
tudes are objects on the ground whose 
size is clearly independent and unre- 
lated to the location of the satellite. 
Ground objects of interest have been 
observed in the past fairly successfully 
with camera equipment operating in 
aircraft at altitudes measured in miles, 
not hundreds of miles. The photo- 
graphic gear useful at high aircraft 
altitudes (say of the order of 50,000 
ft) involve really large equipment, 
with weight ranging from several 
hundred to several thousand pounds. 
Because the farther away the camera 
is from the object, the more difficult it 
is to record fine detail, it is clear that 
increasing distance by a factor of 15 
to 100 over aircraft altitudes makes 
observation from satellites difficult. 

A major characteristic of ground ob- 
jects likely to be of interest in the fu- 
ture with respect to inspection or ob- 
servation is that these objects will not 
be larger than objects of interest are 
now, and may, in fact, be smaller. 
Eventually, we would like to be able 
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Focal length (feet) 


Aititude (feet) 


Focal length (feet) 


“300x ground resolution (feet) X film resolution(lines/ mm) 


100 1000 


10,000 100,000 


Altitude (statute miles) 


Required focal-length variation with altitude for ground 
resolutions of |,4,20, and 100 feet assuming a film 
resolution of 100 lines per millimeter 


(Note that the speed of the optical system-the f/ number -is left out, 
The high resolution used above requires optics of 
at least f/8, preferably faster ) 


to see from satellites what can be seen 
from aircraft today. 

Observation under twilight, moon- 
light, and, hopefully and eventually, 
night sky illumination conditions is a 
goal no longer considered unattainable. 
Certain areas of the world are contin- 
uously dark for considerable periods. 
Observation, inspection, and surveil- 
lance over these areas from satellites 
might prove to be impossible unless 
needed improvements in observation 
technology are made. Another use for 
an observation or inspection capability 
in the difficult nighttime hours might 
well be the observation of activities 
and movements which attempt to use 
darkness as a shield. Promising de- 
velopments, such as ultrarefined TV 
techniques, typified by the AF-devel- 
oped “Cat-eye,” indicate one way of 
achieving such goals. Photography 
from airplanes by the light of a near- 
full moon has been accomplished and 
described by the Air Force. The tech- 
niques are essentially straightforward. 

An aerial photograph made under 
near-full-moon illumination is shown 
on page 68. This photo was made by 
the Aerial Reconnaissance Laboratory 
at Wright-Patterson AFB, which has 
pioneered in this difficult but intrigu- 
ing work. 

The resolution in the photograph is 
low; one might estimate about 3 lines / 
millimeter. The important point is 


that the technique, even with conven- 
tional aerial cameras, films, and con- 
trol systems, is promising. It should 
be remembered that ground luminance 
resulting from full-moon illumination 
is some 400,000 times less than that 
resulting from full solar illumination. 

One can easily envision the use of 
lenses which are almost 10 times faster 
than the lens used here, and film-de- 
veloper-printing systems which are at 
least ten times faster than the system 
used here. 

Factors of improvement much 
smaller than the factor of 100 (which 
would stem from successful realization 
of the factors considered above) would 
make these techniques suitable for use 
in satellites. 

The photo on page 36 was made 
about 45 min after sunset, and was of 
historic importance in demonstrating 
that aerial photographs could be made 
under extremely low light-level condi- 
tions. Ground luminance was calcu- 
lated to be approximately 0.05 candle 
per sq ft—about 104 of that occurring 
under full summer sunlight illumina- 
tion. 

Applications of this sort will involve 
large-diameter, long-focal-length op- 
tics—larger and longer than optics for 
similar daytime use. The reasons are 
twofold: First, for the case of pho- 
tography, large-diameter, fast optics 
are needed to collect as much light as 
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Guidance: Key to maximum Pms in space 


As space technology advances, the character of space mis- 
sions will become more and more sophisticated. High Pms 
(probability of mission success) will be increasingly depend- 
ent on precision guidance. 

A major role in space guidance will be played by the gyro- 
scope—the basic navigational reference for things inertial— 
and by such related technologies as space-astronautic digital 
computing, TV-inertial platform systems, miniature celestial 
inertial systems, IR sensing, and radiation resistant devices. 
In all of these, and in associated systems analyses such as 
evaluation of Pms and of overall system dynamic stability, 
Sperry is actively engaged. 


With its unparalleled background in guidance and control 
over five decades, Sperry is today laying the groundwork in 
research, and in practical experience, for the sophisticated 
guidance requirements of tomorrow. Now in design or devel- 
opment stages are soft lunar landing and interplanetary guid- 
ance systems and controls . . . boost, mid-course, re-entry and 
terminal guidance . . . self-adaptive flight controllers . . . space 
acquisition radar systems and rendezvous controls. 

These contributions to “maximum Pms” in space exemplify 
Sperry’s overall scientific capabilities—capabilities that reach 
into every stratum of our environment today . .. and far into 
the future. General offices: Great Neck, N. Y. 
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Aerial photo made under near full-moon illumination at 0121 E.S.T. Jan. 16, 
1957. Light snow cover aided materially in producing the excellent results. 
Aircraft speed was 190 mph, altitude was 10,000 ft. Standard K-13 camera was 
used, with 12-in. f/2.5 lens and exposure time of 3 sec. 


possible; and, second, since definition 
and resolution under conditions of dif- 
ficult seeing will be much worse than 
for high-quality daytime photography, 
this loss must, and can, be made up 
by increasing focal length. But in- 
creasing focal length and holding the 
speed for f number of the optic con- 
stant requires increasing the diameter 
of the optics proportionately. 

Thus, by reason of the compound- 
interest effects just discussed, there is 
a drive to larger and larger observation 
gear. How large? A speculative, and 
probably conservative, example might 
well be a camera system with 200-in. 
focal length, at a speed of f/2, thus 
requiring optics of at least 100-in. 
diam. It must be recognized that 
much goes into a satellite payload be- 
sides the basic observation equipment. 
Control, communication, recovery, 
and transmission equipment are all re- 
quired. The large, fast systems de- 
scribed above will require automatic 
focusing mechanisms, temperature 
controls, and many other refinements 
not needed for smaller, slower, less 
sensitive systems. 

Highly sensitive TV systems may 
not require such fast optics, but, be- 
cause of their lower resolution in the 
image plane, must make this up with 
comparatively longer focal lengths. 

The truth is that, although we will 
always strive for better and_ better 
photography from observation. satel- 
lites—say, to ground-resolution limits of 
the order of a fraction of a foot—the 
first observation satellites are not likely 
to approach such performance. 
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It is convenient to repeat the group 
of four resolution or quality levels men- 
tioned earlier: 


A. 100 K ft ground resolution (i.e., 
50 to 200 ft) 

B. 20 K ft ground resolution (i.e., 
10 to 40 ft) 

C. 4 K ft ground resolution (i.e., 2 
8 ft) 

D. K ft ground resolution (i.e., 1/5 
to 2 ft) 


where 1/5 < K < 2. 


The graph on page 66 shows the 
relationship between focal length, or- 
bital altitude, and ground resolution 
for the center values of these four 
levels of ground resolution. Film 
resolution for this figure chart is taken 
as 100 lines/millimeter. If film resolu- 
tion is lower, say 10 lines/millimeter, 
the required focal lengths go up very 
fast. Because ground resolution and 
focal length (or scale) are not traded 
simply (as discussed eleswhere in this 
series), an increase of focal length by 
a nominal factor of 10 is not precisely 
correct. But it is indicative of the 
kinds of increases necessary when high 
resolution is not available. It is clear 
from this figure that to obtain ground 
resolution of the order of 1 to 4 ft will 
require huge optical systems, even 
when operating at low satellite alti- 
tudes. Further, as is well known, 
high resolution requires large-diame- 
ter optics, that is, fast lenses. These 
fast lenses are also necessary to per- 
mit short exposure times. High reso- 
lution on film cannot be obtained with 
very slow optics. 


What can be said about system 
weights as a function of focal length? 
It is hard to be exact on this score, be- 
cause some constants remain in the 
satellite system independent of the 
camera. We can be assured that the 
weight is monotonically increasing 
with camera size, probably as the 
square of the focal length. Control 
apparatus, film loads, aiming compu- 
ters—all the auxiliary gear necessary 
in a satellite capable of yielding 1-ft 
ground resolution—all will add weight. 


The “‘Non-Reciprocity” Law 


An important and unique character- 
istic of photographic or observation 
systems can be called the “non-reci- 
procity law.” As an example of this 
very important characteristic, it is 
worth observing that there is no way 
of packaging 100 Leica cameras with 
2-in.-focal-length lenses in such a way 
as to record the detail which a 200-in. 
lens can secure from the same view- 
point. This line of argument makes 
for bigger satellites. 

Better quality thus means more 
weight. Much better quality means 
much more weight. 

Another factor operating as a con- 
straint on the performance of recon- 
naissance satellites is a quantity limita- 
tion. The amount of information col- 
lectable by satellites is a function of 
the vehicle life, the amount of film or 
equivalent storage medium carried, 
and the method of returning this data 
to earth. The useful working life of 
an observation satellite vehicle de- 
pends, among other things, upon the 
life of its power supply. 

For those satellites powered by 
chemical batteries alone, the upper 
limit of the working life is set by the 
total energy content of the batteries 
and the rate at which the energy is 
used by the apparatus in the satellite. 
When such power supplies can be sup- 
plemented by usable solar energy, or 
when the power requirements can be 
cut down, working life will increase. 
If more batteries (i.e., more weight) 
could be installed, satellite life would 
be increased. Nuclear powerplants 
will eventually be available, and will 
save weight. However, they may cre- 
ate their own problems. 

The quantity of information deliver- 
able by a satellite which communicates 
with the ground by video link is a di- 
rect function of bandwidth used and 
time available for communication. 
Clearly, this “quantity” limit is a 
measure of rate as well. It is difficult 
to think of the availability in the next 
few years of useful communication 
bandwidths (including scanning and 
transmission system) much _ greater 
than 10 mc/sec. The available time 
for communications is determined by 
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Thermostats 


Shutoff Valves High Temperature 


Speed Controls Solenoid Valves (electric and pneumatic) Air Motors 
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Special Applications Fuel Controls Pneumatic Actuators 


(De-icing Nozzle) 


AiResearch has produced more than one million high performance valves and controls 
for gases and liquids operating at temperatures from —420°F. to +2000°F. 
and pressures to 6000 psig. 
Reliability and compatibility of systems applica- more than 20 years of experience in valves 
tions are insured when all components are of and controls and the most complete testing and 
AiResearch design and manufacture—backed by _ production facilities available. 


Please direct your inquiries to Control Systems, 


wy AiResearch Phoenix Division. 
THE (-7.\- 1-134 3 CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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the number of ground stations, and the 
time which the satellite is within view 
of a given ground station. For 300- 
mile satellites, this time is about 10 
min per station. Higher-altitude satel- 
lites are in view longer, and in addi- 
tion have less orbital speed. Thus a 
1000-mile-altitude satellite would be 
in view more than twice as long as the 
300-mile satellites. 

In the minds of many people, obser- 
vation satellites operate at about 300 
miles altitude. A brief examination of 
the origin of this dogma is in order. 
Three hundred miles was thought to 
be the lowest altitude at which a satel- 
lite could survive for a relatively long 
working life—say a year. Inasmuch 
as it was going to be difficult to build 
any observation satellite, it was also 
thought desirable to have this altitude 
as low as possible to permit the largest 
possible scale for photographic or vis- 
ual observation of the terrain. 

The closer one is to the object being 
photographed, the bigger the image of 
that object. This rule, familiar to all 
amateur photographers, applies equally 
well to designers of observation satel- 
lites. On the other hand, an altitude 
of 300 miles is not a fixed and immu- 
table requirement; higher altitudes 
will be necessary for many observation 
tasks. It may be expected that there 
will be entire families of observation 
satellites of different types, some of 
which return to earth physically with 
information, and others which, per- 
forming a surveillance function, send 
the required information back by 
video link. 

Under these conditions the problem 
of timeliness of the information (for 
example, in the case of the inspection 
surveillance satellite) becomes very 
important. Very high satellite alti- 
tudes may permit direct line-of-sight 
communication between the satellite at 
the moment when it is picking up data 
and a receiving station located else- 
where. As pointed out above, a re- 
lated benefit from increased altitude 
is the increased time that a satellite 
is within’ sight of a ground station. 
This is simply a geometric problem 
and is easily visualized. This might 
indeed eliminate the need for storage, 
with subsequent time delays and com- 
plexities of playback and readout. 

It seems clear that communication 
satellites will probably orbit at higher 
altitudes. These higher altitudes, even 
for fixed payloads, will require bigger 
boosters. But, on the other hand, go- 
ing to higher altitude, and attempting 
to keep ground resolution constant, 
means bigger gear in the satellite to 
begin with. This also implies require- 
ments for bigger boosters. 

An environmental factor about 
which all too little is known at this 
moment is the effects of radiation on 
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observation sensors in satellites operat- 
ing at considerable altitudes. The 
data available are fragmentary and 


still need much interpretation. More 
data would be better yet. 

It may be suspected that the opera- 
tion of a film-carrying satellite at alti- 
tudes where heavy radiation fields ex- 
ist will prove to be extremely difficult. 
The implication of the data at hand is 
that some shielding will be needed. 
Shielding is directly translatable into 
pounds. It might be argued, and 
probably should be so argued, that 
photographic film as we know it 
would make a poor sensor to use un- 
der such circumstances. In this case, 
a change to another sensor such as 
television or electrostatic tape or some 
nonradiation-sensitive detector will un- 
doubtedly yield lower resolution than 
will photographic film. This factor 
can be taken account of by putting in 
larger, and therefore heavier, gear. 

If, for example, the resolution avail- 
able via a TV sensor is one-tenth that 
available on a high-resolution micro- 
file-type emulsion capable of yielding 
100 lines/millimeter in a camera 
system, then, to a first approximation, 
we must install a TV system with 
roughly ten times the focal length of 
the system that would have been use- 
ful with microfile film. The trend is 
clear: We either add weight to shield 
the film, or change sensors and add 
weight because of the low resolution 
available with the new sensors. 


Satellites Coming 


It is reasonable to expect that at 
some time in the future there will be 
an observation satellite family of differ- 
ent and complementary types. There 
will be satellites whose payload is re- 
turned physically, and satellites which 
send their information back by some 
kind of video link. The scheme of 
operation for those satellites which re- 
turn their payload physically to earth 
requires that a retrorocket aboard the 
satellite be actuated by command from 
the ground, thus putting all or part of 
the payload into a ballistic trajectory, 
with the earth as a target. The pay- 
load will fall into water or onto land 
in a downrange distance of say 2500 
miles or so. 

What can be said about the weight 
factors in this case? It turns out that, 
for a constant distance from satellite 
subpoint at time of re-entry rocket fir- 
ing to impact area, retrorocket weights 
tend to increase very fast with or- 
bital altitude. Carrying a given retro- 
rocket weight to higher orbital alti- 


tudes demands greater booster 
weights; but, in addition, going to 
higher altitudes demands _ heavier 
weights for the retrorockets. This is 


a compounding effect, adding to the 


requirement for bigger boosters. 

There are many other reasons lead- 
ing to requirements for greater weight, 
Not all pertain to the immediate time 
period; not all are of the same degree 
of urgency; and some are more specu- 
lative than others. 

If a man is to be put in space for 
duties aboard an observation satellite, 
it is quite likely that he is going to 
weigh more than a small camera, even 
without the necessary added weight 
factor of 5 or 10 for his environment. 

Multiple sensors (i.e., combinations 
of photographic, infrared, radar, and 
other sensors) have been talked about 
for observation purposes for several 
years. It is probable that in the future 
their use in satellites will make some 
sense, despite the lack of definitive 
evidence to support this view at this 
time. Clearly, carrying photographic, 
radar, and IR gear (perhaps plus some 
other sensors) in the same vehicle 
would require bigger vehicles than 
have been considered for individual 
sensor systems. 

The previous discussion has consid- 
ered the likelihood of satellites of sev- 
eral types. However, it might prove 
desirable to combine these functions in 
one vehicle. Furthermore, it might be 
desirable to have a given vehicle eject 
a data capsule once a month or so. 
Implementation of any of these will 
probably call for more weight than is 
now contemplated for early systems. 

Sophisticated observation satellites 
of the future may have provisions for 
making orbital changes of various 
types. The only known way of ac- 
complishing orbital changes involves 
applying vector thrusts and changing 
orbital velocity direction. This will 
take weight, and hence larger boosters. 

If we go to space observatories, 
lunar observatories, space stations and 
the like, it seems clear that huge 
weights will be required both in space 
and on the ground. This also indicates 
requirements for larger and _ larger 
boosters. 

It is worthwhile to speculate and 
extrapolate as we have been doing 
here. Prediction of the nature and 
likely course of development is rela- 
tively easy, compared with prediction 
of dates by which a given achievement 
will be realized. All of the satellites 
and components discussed here require 
for their success strong advances in 
propulsion, guidance, attitude control, 
communications equipment, power 
supplies, and, above all, reliability—a 
basic list of required advances for all 
space systems, including observation 
satellites. 

Attempting to list all possible kinds 
of observation satellites by their vary- 
ing altitudes, sensors, purposes, meth- 
ods of returning data, and the like 
makes for a bewildering array, but re- 
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mains a worthwhile task. The table 
on page 37 is an attempt to sort out 
and classify salient features. It is not 
and cannot be made complete with- 
out being so detailed as to lose its pur- 
pose, described in its title as a “rough 
outline.” 

The purpose of this series will have 
been served if a measure of illumina- 
tion and insight into some aspects of 
observation techniques for use in satel- 
lites has been provided, if the (non- 
exhaustive) list and description of ap- 
plications appear reasonable, and _ if 
the feasibility of the techniques de- 
scribed for the intended applications 
will spur further attention to and ac- 
tivity in this truly exciting field. 
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Novel Approaches 
( CONTINUED FROM PAGE 33 ) 


might wish to delay committing a 
dueling-type defense as long as pos- 
sible, still leaving time for contacting 
and destroying the offensive warhead. 
Questions of relative advantages of 
base location, intercept location, and 
side effects are often interrelated. 
Base locations may be designated 
ground, airborne, or orbital. Relative 
advantage may go to the orbital posi- 
tion with respect to horizon and 
atmospheric-transmission limits, as well 
as for cheaper cost of operation-per- 
hour for reliable equipment. On the 
other hand, airborne bases may under 
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some circumstances be less vulnerable 
to direct attack, and can be returned 
to earth for repair. Ground bases are 
more attractive for emplacement of 
large and massive installations. 

The defense system may be de- 
signed to intercept the offensive war- 
head during ICBM launch, midcourse, 
or re-entry. The defense would of 
course prefer to inflict the offense with 
any damaging side effects which 
might occur, and for this reason may 
prefer to attack the offense near its 
launching pad. There too, the ICBM 
appears in its most vulnerable and 
delicate form, during its powered 
flight, when effects which might later 
not be lethal could be quite damaging. 
Large radiant output from jet flames 
make the ICBM relatively easy to 
locate. On the other hand, it would 
undoubtedly be extra-difficult to main- 
tain a system for launch-intercept, 
in the face of the obvious necessity for 
the offense to attack directly such a 
defensive capability. 

The midcourse period finds the 
offensive warhead probably detached 
from the remainder of the ICBM. The 
offense will use this time to deploy 
confusion devices which it plans to use. 
Detailed kinetic features of the atmos- 
phere are unknown in this region, and 
we cannot at present fully evaluate the 
upper atmosphere as a means of pro- 
viding easier detection and discrimina- 
tion. A relatively long and predictable 
path probably the principal 
characteristic of midcourse flight, and 
systems which are designed to function 
during this period will no doubt take 
that into account. 

In contrasts to midcourse, re-entry 
is distinguished by many, varied, and 
sometimes spectacular changes in the 
optical and radio-frequency properties 
of the atmospheric medium near the 
offensive warhead. These interactions 
the defense will try to capitalize upon 
for detection and discrimination, as 
described elsewhere in this issue. 
Actions taken by defense systems dur- 


ing this period require that flight- 
times be relatively short; they run an 
added risk of incurring harmful side 
effects upon the defended area; and 
they may render their own succeeding 
functions more complex and difficult 
by the confusing environment which 
the defense may itself generate. 
Finally, the question of actually 
putting any defense system into field 
use must find an answer in estimates of 
cost-effectiveness. This involves com- 
parisons between values of one or 
another kind of defense, “second- 
strike” capability, and other possible 
ways of spending our limited resources. 
The table on page 33 compares 
some hypothetical novel approaches to 
ballistic-missile defense. Useful esti- 
mates of cost-effectiveness are not 
available for this table. In all the com- 
parisons made, one should be aware of 
the wide range which exists in levels 
of knowledge in various areas. Under 
various conditions, it is possible to 
grossly overestimate or underestimate 
the difficulties of the unknown. It is 
important that we be able to make im- 
portant comparisons in an environment 
of comparable levels of knowledge. 


Novel Systems Compared 


The key system characteristics we 
have described will be found in this 
table, where they are used in an 
illustrative comparison of various 
defense systems which might employ 
specified kill mechanisms. 

Let us turn now to a brief considera- 
tion of each of the broad categories of 
physical interactions cited in the table. 

One objective of the defense is to 
avoid being damaged by the offense. 
A serious question exists as to just what 
it takes to thwart the offensive missile. 
Consider an offensive warhead weigh- 
ing 1000 kg. If there are no energy 
losses, this mass can be melted by the 
addition of some 10° joules, a quantity 
relatively insensitive to details of 
initial conditions and materials in the 


warhead. This is only about 300 kw- 
hr of energy; such an amount costs the 
householder a few dollars. About the 
same amount of energy is released on 
detonation of 500 Ib of TNT. One 
expects (but it is hard to prove) that 
the defense may be able to destroy the 
offense by dependable effects short of 
complete melting. 

Delivery of energy is the problem. 
The energy required to kill an offensive 
warhead must be absorbed inside a 
very small volume, usually at a very 
great distance away from the point 
at which the energy was generated. 
In order to keep energy losses to 
reasonable levels, the kill energy must 
be absorbed in the warhead in a few 
seconds or less, and possibly in a few 
microseconds. In the latter case, the 
flux levels inside the warhead must be 
of the order of 10!° watts/meter?, 
This represents a power level deliv- 
ered to the warhead of about 7000 
times the U.S. total installed generat- 
ing capacity in 1958. One might sup- 
pose that the more rapid the rate of 
absorption of energy in the warhead, 
the more destructive could be the 
results in terms of thermal shock. 

Most physical means of interacting 
with warheads can be considered with- 
in the categories listed on the left in 
the table. The effects associated with 
nuclear detonations can be examined 
in this framework as well, although 
we shall not explicitly do so. Rather, 
we will limit our discussion to a very 
brief description of the broad cate- 
gories, with selected reasons for some 
of the rating values which are given 
in the table. 

Solid-Material Impacts. Projectiles 
are most familiar to us as a means of 
destruction. There are readily at hand 
the analogies of rifle bullet, machine- 
gun spray, and bunched shot-gun 
pellets. One might also think of the 
Kamikaze aircraft and the family 
automobile, although these will be less 
useful because of their large masses. 

Several considerations are of interest 


Sequence of Events in BMD “Dueling” System 
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here, one the fact that advantage may 
be taken of the high velocity character- 
istic of the ICBM (for convenience we 
will take this to be 7 km/sec). Thus, 
about 10% joules would be released if 
an ICBM collided with 40-kg mass 
which was stationary with respect to 
a point on the earth’s surface. We 
have seen that this is enough energy 
to melt a 1000-kg warhead. Futher- 
more, much smaller pellets, although 
not able to melt entire warheads, may 
nevertheless produce gross deforma- 
tions and serious damage. 

One can visualize dueling systems 
which employ pellets in rather small 
groupings fired specifically in the 
direction of an oncoming ballistic 
missile. One could also imagine 
“cloud” formations of pellets ringing 
the earth in orbit, serving as a screen- 
ing defense. In both cases, the prob- 
lem is to guarantee with sufficient 
surety—say 99.9 per cent—that enough 
pellet encounters are made with the 
offensive nuclear warhead to render it 
incapable of detonating near the de- 
fended area with anything like full 
yield. The masses required for suit- 
able screening coverage in orbit are 
very large indeed. Pellet lifetime in 
orbit tends to be limited by inter-pellet 
collisions, when the altitudes are high 
enough to reduce air-drag effects to 
low levels. However, by and large, 
pellets are comparatively flexible in 
terms of both base and _ intercept 
locations. 


How to Look at ‘“Gases”’ 


As the size of pellets is reduced 
further and further, we eventually 
reach molecular or atomic particle- 
sizes. We choose to treat very small 
particles as “gases.” 

Gases. There was a time not so long 
ago when warhead re-entry was 
considered very difficult without 
catastrophic damage. However, solu- 
tions to the problem of warhead design 
for survival during re-entry have been 
found and demonstrated. Those 
solutions do not necessarily involve 
very serious weight penalties to the 
ICBM. We use the term “gases” to 
include the many means one can con- 
jure up to increase the heat-transfer 
rates to the re-entering warhead from 
gaseous concentrations whose tempera- 
ture is less than 1 electron volt (i.e., 
less than about 11,000 K). This is 
a rather arbitrary, but reasonable, 
division point between “gases” and 
“plasmas”; of course, hot gases at 
temperatures less than 1 e.v. can 
certainly be partially ionized. 

As in the case of pellets, the energy 
released on collision between an ICBM 
and material which is stationary with 
respect to the earth is about 2.5 x 107 
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— For more than a quarter 
century, Hallicrafters has 
worked in close partnership 
with our armed forces on fast 
solutions to critical military 
electronics problems. Out of 
this priceless experience 
are emerging startling new 
ideas and hard-hitting, fast- 
moving techniques to keep 
our country one jump ahead 
in electronic warfare... 


New levels of speed and efficiency are being reached in equipment moderniza- 
tion, retrofit and technical support programs with Hallicrafters’ radical new 
“Blue Streak’’ project. Specially-trained Maintenance and Technical Support 
Teams, close-knit and flexible, can be tactically deployed to accomplish main- 
tenance, installation and testing of electronics weapons systems anywhere in 
the world. 


Hallicrafters participation in the Atlas missile project helped to develop capa- 
bility for many areas of the complex missile field, including code translator 
data systems; ground support equipment; ECM testing and antenna systems. 
Current explorations involve latest Infra Red techniques. 


Looking for a challenging new oppor- 
tunity? We are interested in qualified 
engineers at all levels. For full details in 
confidence, contact William F. Frankart, 
Director of Engineering. 
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B-52 and other military aircraft will be protected by the most potent Electronic 


Countermeasures equipments yet devised. These equipments were developed 
in close teamwork with the Air Force under Hallicrafters’ QRC (Quick Reaction 
Capability) program. Now qualified to meet full environmental specifications, 
they are in quantity production. 


Hallicrafters communications leadership is exemplified by new high frequency 


Single Sideband receiver, (model no. SX-116). 100% modular design permits 
simple modification for compatability with existing and future communications 
systems. Stability, with proper available plug-ins, is better than one part in 
10,000,000 per month. Hallicrafters also offers an existing capability in receiving 
and transmitting techniques up to frequencies of 50,000 megacycles. 


Airborne antennas and micro-wave components with power capability in excess 
of 1,000 watts, can be made available to solve tomorrow’s very high power 
handling requirements. Testing of microwave components is possible with 
special high power generators, designed and built by Hallicrafters. 


For further information on Hallicrafters facilities and experience in mil- 
itary electronics research, development and production, please write to: 
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Chicago 24, Illinois 
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joules/kg, and collision with some 
40 kg of gas would release the 10° 
joules required to melt a 1000-kg war- 
head. Assuming a_ 1-square-meter 
cross section, the warhead could sweep 
out a region containing 40 kg of 
ordinary atmospheric air in a path 
about 2.4 km long in less than a second 
at an altitude of approximately 100,000 
feet. 

This figure makes the possibilities 
look rather attractive. Only a very 
small fraction of the total kinetic 
energy thus released, however, can be 
transferred effectively into the war- 
head. Nevertheless, the difficulties of 
ordinary re-entry can conceivably be 
amplified, and the weight penalty for 
protecting the ICBM warhead can be 
correspondingly increased. The cost 
to the defense is that of adding suitable 
contaminants to the atmosphere in the 
path of the offensive warhead. 
Contaminants would be those which 
tend to increase the radiative and/or 
conductive heat transfer to the re-entry 
body. Radiative heat transfer could 
be increased by introducing molecules 
which have higher emissivities than 
those of air at high temperatures. 
Conductive heat-transfer could be in- 
creased, for example, by adding 
easily-ionized species and hence in- 
creasing the ionization fraction; the 
conductivity is a strong function of 
electron density. If one considers 
gaseous material as its temperature 
increases well above that encountered 
during normal re-entry, one notes a 
rapidly increasing ion content, and the 
problem becomes one of plasma 
physics, to which we now turn. 

Plasmas. The principal difference 
between “gases” and “plasmas” is that 
the temperature of the latter is taken 
to be greater than 1 e.v. At the upper 
end of the plasma temperature scale, 
one may allow himself to think of 
plasmas at temperatures of 100 Kev or 
even more. Very little is known about 
plasma conditions at such high tem- 
peratures (fusion occurs at about 
2 x 107 K, or about 2 Kev). If one 
could maintain a plasma at such 
temperatures, it ought to be very lethal 
indeed, since the high velocities in- 
volved (greater than 10° cm/sec) 
would permit even a very diffuse 
plasma to ablate solid material very 
rapidly. Thus, a plasma at a tem- 
perature of several Kev and a 
density like that at 100,000-ft altitude 
in the earth’s atmosphere would ex- 
hibit a flux density of something like 
10!° watts/meter?. Means of produc- 
ing and containing such a plasma for 
anti-missile use are, to say the least, 
difficult to conceive. Uncontained 
plasmas might possibly be interesting 
for discrimination purposes, but they 
are not too promising for kills of hard 
targets. Because of the very great 


systems were delivered ahead of schedule 
under contract price. The first of these has been in 
operation 24 hours a day for more than - a 
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technological problems involved with 
containment of high-temperature plas- 
mas, we will consider plasmas further 
only in terms of fundamental-particle 
beams. 

High-Energy Beams. Beams of the 
sort we will speak of all have one fea- 
ture in common—a _ very short time 
of flight, with velocities at or near the 
speed of light. To the extent that high 
coupling-coefficient and impressive 
lethality are of importance, a 1-Bey 
beam of electrons or protons may be 
more desirable and more nearly attain- 
able than optical or radio-frequency 
(RF) beams. On the other hand, the 
problems of generation, transmission 
and focusing of a high-energy electron 
or proton beam are probably greater 
than corresponding problems with RF 
beams. In the table, optical beams 
have been restricted to those which 
are coherent, the physical feasibility 
of which only recently has been 
proven. As for incoherent optical 
beams, the thermodynamic limitations 
which exist on the image temperature 
tend to make the whole case of black- 
body sources quite __ intractable 
for ballistic-missile-defense purposes. 
Even if efficient sources of coherent 
optical energy one day become avail- 
able, it seems very unlikely that they 
would be useful for kill —pur- 
poses, although optical radars and 
capacities for discrimination against 
decoys might be developed. A simi- 
lar statement may apply to RF beams. 

As to anti-particles, there does not 
seem to be much advantage over 
ordinary particle beams. Quite aside 
from the tremendous problems of 
generation, storage, and transmission, 
the 1-Bev additional energy which is 
available upon mutual annihilation of 
a proton and anti-proton is not itself 
too valuable. One could thereby 
double the energy delivered to the 
offensive warhead with a beam ot 
“nominal” energy, a step of no great 
significance in our present discussion. 

We can estimate some of the beam 
parameters for anti-missile applica- 
tions. Suppose for aiming and guid- 
ance purposes we require the deposi- 
tion of a lethal amount of energy in the 
offensive warhead to occur while the 
warhead is moving one diameter, 
which we take as 1 meter. At our 
assumed warhead velocity of 7 km/sec, 
this permits an illumination time of 
only 140 microseconds. If 10° joules 
are to be deposited in this time, a flux 
density of about 101° watts/meter? is 
required, or almost  1/mole/sec/ 
meter”, if the beam is made up of 1- 
Bev particles. Naturally, longer illum- 
ination times would reduce the flux- 
levels which must be supplied. 

Problems of transmission in the RF 
case are apt to be connected with at- 
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mospheric breakdown. Hence, highly 
lethal RF beams may be required to 
come to a focus only above altitudes of 
100,000 ft or more. This leads, in the 
table, to the suggested limitation of 
RF-beam intercepts to the midcourse 
region. In the case of particle beams, 
serious questions naturally arise as to 
how the beam particles interact with 
each other and with the atmosphere at 
very high beam densities. 

Considering an RF beam which has 
its frequency reduced very drastically, 
so as to approach the d.c. case in the 
limit, one finds himself considering an 
essentially stationary electric and mag- 
netic field. We now ask whether es- 
sentially stationary fields of any kind 
can by themselves be of interest. 


Fields Ineffective 


Fields. It appears that all fields, 
thought of as acting by themselves as 
lethal mechanisms against missiles, are 
just too ineffective to be considered 
seriously over the long run. Some 
feeling for this fact may be summa- 
rized in the following oversimplified 
statements. 

Gravitational fields. Grant a future 
capability for interfering locally with 
gravitational fields using means other 
than very large masses; even so, the 
offense to counter need only introduce 
on the order of + | g of additional 
acceleration capability. 

Electric fields. At best, electric 
fields could produce a phenomenon 
equivalent to lightning discharges, 
which couple rather poorly with 
masses aloft. Aircraft are frequently 
“struck” by lightning. Electrostatic 
deflection apparently is essentially zero 
in all cases of interest. 

Magnetic fields. Conductors which 
pass through regions of changing mag- 
netic field strength have electric cur- 
rents induced in them. However, the 
problems of producing and maintain- 
ing magnetic fluxes with the required 
time and/or space rates-of-change ap- 
pear to place this possibility entirely 
out of the question in terms of long- 
range payoff. 

It seems fair to conclude (quite 
aside from novelty or lack thereof) 
that there are disadvantages, from our 
present point of view, in proposing 
that active defense against ballistic 
missiles be based upon any single ap- 
proach we have discussed. A com- 
bination of approaches, if such can be 
provided within reasonable limits of 
cost-effectiveness, may conceivably 
furnish useful capabilities. 

We should keep in mind that the 
relative evaluations which have been 
essayed are based on knowledge which 
is less than complete in every case. 
In fact, even physical feasibility for 
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ballistic-missile-defense purposes may 
be in doubt in some instances (e.g., 
fundamental-particle beams and con- 
tained plasmas). 

It is clear that insufficient informa- 
tion is available in most areas of tech- 
nology which we have discussed, so 
much so that satisfactory intercompari- 
sons are really not possible. More at- 
tention to important problem areas 
which have been touched upon here 


could lead eventually to a more knowl- 
edgeable ranking of various ap- 
proaches to ballistic-missile defense. 
Only under such conditions of in- 
creased awareness can we be confident 
that the most effective solutions are 
adopted. Continued research in such 
areas is further justified in view of the 
benefits which can be expected to 
accrue outside the limits of ballistic- 
missile defense as well. +4 


International Scene 
(CONTINUED FROM PAGE 16) 


who was a prime mover in formation 
of the IAF. 

The XIth Congress was marked by 
adoption of the statutes for the newly 
formed IAF Academy of Astronautics 
(see page 80) and the Institute of 
Space Law, both of which are already 
active. The U.S.S.R. announced at 
the meeting that it will not participate 
in either the Academy or the Institute 


at the present time, Professor Sedov ex- 
plaining that Russia is already partici- 
pating in a number of international 
astronautical organizations and feels it 
would be wiser to work toward inter- 
national cooperation in astronautics in 
these organizations, rather — than 
through new ones. 

Three new societies were admitted 
to IAF membership at the meeting. 
The Iranian Astronautical Society was 
clected a voting member, as was the 
German Astronautical Society (East 
Germany) after a name change. Also, 
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the French Association pour 
couragement a la Recherche Aeronau- 
tique was made a nonvoting member 
on the condition that it amend its con- 
stitution to conform with that of the 
IAF within three months. 

In an effort to obtain financial re- 
serves for future IAF operations, the 
dues of member societies were in- 
creased by 50 per cent over last year’s, 
with the minimum dues raised from 
$25 to $50. Also, ARS dues were 
raised to $4000 for the coming year, 
while the British Interplanetary Soci- 
ety and the Soviet Commission for 
Astronautics were assessed the sum of 
$1000 each. The institution member 
fee remains at $200. A $500 grant 
will be made to host societies of fu- 
ture Congresses to help offset any 
deficit incurred. 

Action on a draft version of a new 
IAF constitution, prepared in accord- 
ance with a directive of the 1959 Con- 
gress, was put off for a year because 
of comments from several delegates 
that insufficient time had been allowed 
for study of the new draft version and 
that certain portions had already been 
found objectionable. A special com- 
mittee was appointed to study the 
present draft version and revise it for 
presentation at the 1961 Congress. 
The committee is composed of V. 
Kopal of Czechoslovakia (chairman), 
A. G. Haley and W. H. Pickering of 
the U.S., E. A. Brun of France, L. R. 
Shepherd, L. I. Sedov, and a Swiss 
legal expert to be named by the Swiss 
Astronautical Society. 


Committee Support 


The IAF Committee on Interna- 
tional Cooperation was requested to 
continue its efforts to obtain financial 
support from UNESCO and _ other 
sources for various IAF projects. A 
new International Tracking Committee 
was organized. It will be headed by 
T. M. Tabanera of Argentina, with 
membership made up of representa- 
tives of those nations with optical- 
tracking set-ups. 

A move to change the permanent 
location of IAF headquarters from 
Paris, approved by the delegates last 
year, to some location in Switzerland, 
was voted down. The Committee for 
Establishment of a Permanent Head- 
quarters noted in its report that the 
French government had already made 
available a suite of offices in Paris at 
no charge and that additional space 
could be supplied if it were found 
necessary. The Committee is also 
seeking an Executive Secretary who 
would be in charge of the head- 
quarters. Funds for operation of the 
headquarters are being sought, and 
the expectation is that such funds will 
be obtained in the not-too-distant 


Cape Canaveral test record of Martin 


«ICBMis, according to the Air Force, ‘‘the best s 


ratio to date’’ in USAF missile pt 
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future. The Committee was requested 
to continue in operation during the 
coming year. 

C. J. Clemenson of Sweden was 
named chairman of an Ad Hoc Life 
Sciences Committee to review radio- 
logical safety criteria and evaluate 
their potential influence on future 
manned space operations, and investi- 
gate and report on channels for the 
interchange of information in the 
biomedical and behavioral sciences, 
with an eye toward improving inter- 
national cooperation in these fields. 

All established IAF Committees will 
continue en bloc during the coming 
year with the same membership as 
this year. In addition, a new Publi- 
cations Committee, headed by Dr. 
Seifert, was formed. 

Discussed as possibilities for the 
1962 Congress were Belgrade, Yugo- 
slavia; Sofia, Bulgaria; and Argentina. 
At this time, it appears that Belgrade 
is the most likely candidate. 

The technical program produced a 
number of first-rate papers, primarily 
on the engineering, rather than the 
scientific, side. While it would be 
impossible to single out more than a 
few of the outstanding papers, mention 
should be made of the report on the 
Arcas sounding rocket by Jerry Grey 
of Princeton Univ.; the discussion of 
post-launch performance of the Tiros 
I weather satellite by Sidney Sternberg 
of RCA; the impressive study of 
structural research in rocket vehicles 
by Max Williams of CalTech, George 
Gerard of New York Univ., and G. A. 
Hoffman of Rand Corp.; the report 
by George E. Mueller of STL on 
Pioneer V and Explorer VI; and the 
Soviet paper on the back side of the 
moon by A. A. Mikhailov. 

Not to be overlooked, also, were 
the invited papers—the introductory 
lecture by H. S. W. Massey of the 
Royal Society; Wernher von Braun’s 
status report on the U.S. rocket pro- 
gram, with emphasis on Saturn; 
Samuel Herrick’s analysis of trajec- 
tories above the denser portions of the 
earth’s atmosphere; the discussion by 
Marcel Nicolet of Belgium on the 
earth’s atmosphere; Ernst Stuhlinger’s 
paper on electric propulsion (which 
produced one of the liveliest discus- 
sions at the meeting); Hubertus 
Strughold’s survey of space medicine 
and biology; and Nathan Snyder’s 
paper on power supplies for space 
vehicles. 

Five papers by Russian authors 
were presented at the Congress by the 
seven-man Soviet delegation. These 
dealt with the magnetic fields of the 
earth and moon, meteoritic particles, 
physics of the atmosphere, the back 
side of the moon, and the Soviet pro- 
gram in general. 
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Off to the IAF Congress—Via ARS Charter Flight 


Some 75 ARS members and their families prepare to board 
the highly successful ARS Charter Flight to the 11th Inter- 


national Astronautical Congress, held 


in Stockholm, 


August 10-15, via Lufthansa Super-Constellation. The 
flight left from New York and returned from Paris three 


weeks later. 


The Swedish Interplanetary Society 
did a monumental job in organizing 
the meeting, and succeeded admirably 
in every part of the task except that of 
getting the weatherman to cooperate. 
Even here, the two excursions planned 
by SIS—an evening boat ride to the 
18th-Century Drottningholm Theater 
for a performance and an all-day boat 
trip through the Swedish archipelago— 
met with perfect weather. The Drott- 
ningholm trip even provided a couple 
of extras—a perfect view of the Echo 
satellite crossing the night sky and a 
magnificent auroral display in the 
Northern sky. 

An added attraction at the Congress 
was an exhibit of foreign hardware. 
Highlights of the Swedish displays 
were the Svenska Flygmotor UR-3 
rocket engine, Sweden’s first pump-fed 
liquid rocket engine, and a model of 
the proposed Swedish Interplanetary 
Society high-altitude sounding rocket, 
appropriately named the Aurora HR-1. 
Foreign exhibitors included Northrop 
Corporation, the Office of Naval Re- 
search, AVCO, RCA, Itokawa Labora- 
tory of Japan, and Hawker-Siddeley, 
which showed a model of its proposed 
British communications satellite. 


Intl. Institute of Space Law 
Statutes Adopted at Stockholm 


The statutes of the International In- 
stitute of Space Law of the Interna- 
tional Astronautical Federation were 
unanimously adopted at the first ses- 


sion of the 11th IAF Congress in 
Stockholm, 

On the following day, the ad hoc 
Organizing Committee met and or- 
ganized the Executive Committee, 
which is the governing body of the 
Institute. Michel Smirnoff of Yugo- 
slavia was elected Chairman of the 
Committee, John Cobb Cooper was 
named Vice-Chairman and Director of 
Research, and Andrew G. Haley, Sec- 
retary. Christopher Shawcross of the 
U.K., Fritz Gerlach of West Germany, 
and Robert Homburg of France con- 
tinued as members of the Executive 
Committee. 

The objectives of the Institute are 
to provide advice to the president of 
the Federation when requested; to 
carry out such other tasks as may be 
considered desirable for fostering the 
social science aspects of astronautics, 
space travel, and exploration; to pub- 
lish proceedings and reports and a 
periodical journal; to make awards; to 
hold meetings and colloquia on juridi- 
cal and sociological aspects of the so- 
cial sciences and to make studies and 
reports; to adopt, add to, or amend 
the statutes for the regulation of the 
internal affairs of the Institute, pro- 
vided that the Institute shall not enact 
statutes or amendments thereto which 
are inconsistent with the provisions of 
the Constitution of the IAF, or its 
resolutions pertaining to the Institute. 

The duties of the Executive Com- 
mittee are quite inclusive: To carry 
out the purposes and objectives of the 


“Complete capability” sums up 
Brunswick’s ability to produce re- 
sults at any stage of missile devel- 
opment. From in-house design and 
production to thorough testing, 
Brunswick brings to each new job a 
vast background in successful de- 
velopment of components and pri- 
mary structures. 1. In nose cones 
and radomes, Brunswick designs 
and materials can be tailored to 
meet rigorous new requirements for 
high temperature electrical and ab- 
lative purposes. 2. In wings and fins, 
Brunswick engineering allows new 
plastic structures and antennas 
utilized in combination for more de- 


BRUNSWICK OFFERS COMPLETE CAPABILITY FOR AEROSPACE PROJECTS 


sign freedom with maximum effi- 
ciency. 3. Missile bodies constructed 
by the Strickland “B” fiber glass 
filament-winding process offer ex- 
ceptional values in weight-strength 
ratios while meeting design require- 
ments for unusual shapes and sizes. 
4. Brunswick rocket motor cases con- 
structed by the Strickland “B” fiber 
glass filament-winding process 
consistently demonstrate superior 
properties, whether large or small. 
Pressure vessels designed by Bruns- 
wick can deliver an S/D ratio as 
high as 2,000,000. 5. Reflectors of 
metal honeycomb or plastic con- 
struction are designed and manu- 


factured to meet close tolerance and 
conform to the highest standards of 
quality and performance. 6. Ground 
radomes are readily available for 
ground support applications. Con- 
structed of solid laminate, honey- 
comb core, or foam, they are stand- 
ard production design at Brunswick. 
From the starting line, or at any 
stage of the development race, 
Brunswick’s complete capability is 
ready to make your ideas work 
faster and better. Call on Bruns- 
wick’s ability to produce results. 
Brunswick Corporation, Defense 
Products Division, 1700 Messler 
Street, Muskegon, Michigan. 


B MAKES YOUR IDEAS WORK 


DEFENSE PRODUCTS DIVISION e 1700 MESSLER STREET e MUSKEGON, MICHIGAN 
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Institute as set forth above, imple- 
ment the resolutions and directives 
adopted at the annual meetings of the 
Institute; create working groups and 
committees for all appropriate pur- 
poses and functions; elect members of 
the Institute to fill vacancies occur- 
ring in the membership of the Execu- 
tive Committee; supervise the corre- 
spondence of the Institute and provide 
for the safekeeping of the archives 
thereof; appoint a clerk, designate 
his duties and supervise all his activ- 
ities; arrange for meetings and _ col- 


loquia; arrange for the publication of 
-eports and establish a periodical jour- 
nal; recommend concerning the 
awarding of medals and prizes; pre- 
pare budgets and supervise the audit- 
ing of accounts; accept donations and 
legacies, and funds from any private 
sources, and contributions from na- 
tional and_ international nongovern- 
mental and international agencies and 
from governments; and prepare an an- 
nual report to be presented at the 
plenary meeting of the IAF Council. 
—Andrew G. Haley 


IAF Academy of Astronautics Begins Operation 


STOCKHOLM, SWEDEN—The IAF In- 
ternational Academy of Astronautics 
began its operations at the XIth 
International Astronautical Congress 
here, following the naming of its initial 
45 members. This membership con- 
sists of the original 24 founding mem- 
bers and the first group of 21 elected 
members. 

Present membership, broken down 
into three sections—the basic sciences, 
the engineering sciences, and the life 
sciences—is as follows: 


BASIC SCIENCES 


Alfred Ehmert (Chairman), Germany; H. O. 
G. Alfven, Sweden; P. Auger, France; Nicolas 
Boneff, Bulgaria; J. G. Davies, England; Vla- 
dimir Guth, Czechoslovakia; Walter S. Hill, 
Uruguay; Joseph Kaplan, U.S.A.; E. C. B. Lovell, 
England; M. Nicolet, Belgium; J. Peres, France; 
Irene Sanger-Bredt, Germany; Lyman Spitzer Jr., 
U.S.A.; H. C. Urey, U.S.A.; J. A. Van Allen, 
U.S.A. 

ENGINEERING SCIENCES 

R. Pesek (Chairman), Czechoslovakia; J. 
Ackeret, Switzerland; W. von Braun, U.S.A.; 
L. Broglio, Italy; E. A. Brun, France; A. V. 
Cleaver, England; G. A. Crocco, Italy; H. L. 
Dryden, U.S.A.; A. Eula, Italy; Th. von Karman, 
U.S.A.; J. M. J. Kooy, Netherlands; L. Malavard, 
France; F. J. Malina, France; H. Oberth, Ger- 
many; W. H. Pickering, U.S.A.; E. Sanger, 
Germany; L. R. Shepherd, England; Teofilo M. 
Tabanera, Argentina. 


LIFE SCIENCES 


(Chairman), Belgium; R. K 


Florkin 
Yugoslavia; Gen. Bergeron, 


Andjus, 


France; J. C. Cooper, U.S.A.; E. Evrard, 
Belgium; Brig. Gen. D. Flickinger, U.S.A. W. R. 
Franks, Canada; A. G. Haley, U.S.A.; J. Led- 
erberg, U.S.A.; W. Randolph Lovelace II, U.S.A.; 
Alex Meyer, Germany; H. Strughold, U.S.A. 

Dr. Von Karman has been named 
Director of the Academy by the IAF. 
Deputy directors are J. Peres of France 
and Frank J. Malina of the U.S. 
A. R. Weiller of France has been 
appointed acting secretary for the 
period up to the first meeting of the 
Academy, which will operate for the 
next three years under a $75,000 grant 
from the Guggenheim Foundation. 
The Academy’s headquarters are lo- 
cated at 12 Rue de Gramont, Paris 2, 
France. 

The Academy’s Publications Com- 
mittee is working with Glauco Partel 
of Italy, chairman of the IAF 
Documentation Committee, on publi- 
cation of a multilingual dictionary of 
astronautics. An Award and Fellow- 
ship Committee, headed by Dr. Von 
Karman, has been established and 
authorized to set up a Guggenheim 
international astronautics award not to 
exceed $1000 to an individual making 
outstanding contributions to the field 
in the five years previous to the award. 

The Academy has also established a 
Lunar International Laboratory Com- 
mittee, headed by Dr. Malina, to study 


Members of the Founding Committee of the International Academy of Astro- 
nautics pose for camera at Stockholm meeting. 
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technical problems related to construc- 
tion of a lunar research laboratory, the 
feasibility of its construction, and fields 
of research to be carried out initially 
by the Laboratory. 

Additional Academy members will 
be elected in December, 1960. Total 
membership is expected to be 135-150 
in the basic sciences, 50 in the 
engineering sciences, and 35 in the 
life sciences. 

The Academy will undertake the 
organization of special symposia at 
future IAF Congresses, and is also dis- 
cussing with UNESCO the possibility 
of holding a symposium in 1963 on 
“Man in Space.” 

The Academy has also established 
a joint committee with the IAF Inter- 
national Institute of Space Law on the 
technical aspects of space law. The 
joint committee is headed by John 
Cobb Cooper of the U.S. 

—Irwin Hersey 


New Astronautical Society 
Organized in West Germany 


A new German society, the Astro- 
nautical Society of the German 
Democratic Republic, was formed in 
June out of the two-year-old German 
Astronautics and Rocket Technical 
Club. Purpose of the Society, headed 
by Ferdinand Ruhle, is to disseminate 
information on the peaceful uses of 
outer space and further research in 
this area. 


UCLA Short Course 
In Cryogenic Engineering 


The University of California at Los 
Angeles will conduct a short course in 
cryogenic engineering Oct. 31 through 
Nov. 11, 1960, for professionals un- 
familiar with low-temperature tech- 
nology. Course text costs 
$175.00. For information, write or 
call Engineering Extension, Rm. 6266, 
Engr. Bld. Unit II, UCLA, L. A. 24, 
Calif. GRanite 3-0971, Ext 9877; 
TWX West Los Angeles 6705. 


Ideas Needed for Army 
Weapon Developments 


A guide book aimed at private in- 
dustry that spells out problem areas in 
the development of Army weapons, 
ammunition, guided missiles, rockets, 
and combat and support vehicles has 
been published by the Ordnance 
Corps. Persons or groups having a 
suitable research and development 
-apability, a Secret security clearance, 
and completion of a policy agreement 
may acquire the guide through their 
nearest Ordnance District. 
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BERS SCIENTISTS 


SERIES 


“EXPLORATORY STUDIES 

OF SPACE VEHICLES AND 
INTERMOLECULAR PROCESSES 
IN RAREFIED ATMOSPHERES 


..-provide a new technical challenge.” 


says Dr. Sinclaire M. Scala, MANAGER, HIGH ALTITUDE AERODYNAMICS, 
AT GENERAL ELECTRIC'S SPACE SCIENCES LABORATORY 


“Now that manned and un-manned space vehicles are being 
considered for missions which involve not just minutes of re-entry 
time, but sustained hypersonic, high altitude flight — 
intermolecular processes in rarefied planetary atmospheres are 
keeping scientists at MSVD busy, motivated both by scientific 
curiosity — and a sense of urgency. 


“Since little fundamental work has been done in this flight regime, 
the people in my group face a new scientific frontier. They've a 
free hand in defining their own problems and initiating 
exploratory studies. 


“In this virtually uncharted area, nearly every investigation 
undertaken produces results worthy of publication. And authorship 
is warmly encouraged at the Laboratory. All desired technical 
support is provided for the preparation of papers for scientific 
meetings and journals. 


“There is a type of academic informality here that is embraced 

by both extroverts and introverts in the group. Staff members get 
together for technical exchange, when and as they like, or discuss 
a problem with associates doing research in other space sciences. 
There is no rigid protocol. The only requirements are rare abilities 
for original, theoretical thinking and self-direction.” 


IF YOU ARE A THEORETICAL PHYSICIST OR AERODYNAMICIST (Ph.D.) 
interested in performing original research in any of these areas: 

... Rarefied gas dynamics, shock wave and transport theory, kinetic theory 

of gases, hypersonic heat transfer and aerodynamic forces in near free 
molecular flow, partially ionized viscous gas flow, molecular physics and 
non-equilibrium statistical mechanics — 


You are invited to write in full confidence to: 
MR. D. G. CURLEY, DIV. 11-MJ 


MISSILE & SPACE VEHICLE DEPARTMENT 
n, 


dynamics) has been engaged in rese N L L C T C 
‘temperature fluid flow since 1951. In 

Space Sciences Laboratory. Here, he pioneer 

concept as a solution to re-entry ms. Q 

3198 Chestnut Street, Philadelphia 4, Pennsylvania 

dynamics. Dr. Scala has publish 

‘elated to missile and satellite 

the most recent, ‘‘Shock Wave ia- 

‘omic Gas” (with L. Talbot in th : Other professional openings in: SPECIAL PROJECTS * MATERIALS STUDIES 
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Choice of Defense 
( CONTINUED FROM PAGE 35 ) 


sive defenses may be divided into 
warning; passive military defenses such 
as hardening, mobility, dispersal and 
concealment; and civil defenses such 
as shelter programs, preparations for 
evacuation and for recuperation, etc. 

Defense is undertaken for something 
—in the broadest sense to contribute to 
some national objective—and is seldom 
thought of, professionally, in black- 
and-white terms. The question at is- 
sue is rather that of what mixture of the 
various types of defense and offense 
goes furthest toward achieving national 
objectives with the most efficient utili- 
zation of resources. 

It must be admitted at the outset 
that defense against the ICBM is ex- 
traordinarily difficult technically. 
There are important differences of 
feasibility between defending certain 
kinds of military targets and defense 
of population and property. For ex- 
ample, defense of a small localized 
military unit is certainly much simpler 
than defense of a city. We know of, 
and expect to find, no perfect defense 
which is proof and shield against all 
attacks; but even an imperfect defense 
can be worthwhile. 

Other than limiting damage and 
helping people to stay alive, defense 
may be worth a considerable invest- 
ment for a number of reasons, depend- 
ing on circumstances. Let us describe 
two rather different national attitudes 
toward, and degrees of preparation 
for, thermonuclear war with respect to 
their defense implications. 


Minimum Deterrence 


At one end of the scale is “minimum 
deterrence” in which the U.S. main- 
tains an invulnerable offensive force 
of retaliatory weapons. The central 
philosophic content is that a few 
modern weapons on enemy cities 
would wreak such intolerable damage 
that the enemy must be deterred from 
ever starting a central war. There are 
no serious preparations for limiting 
damage since the war is never going to 
start. In this posture any action which 
reveals that the U.S. is taking the pos- 
sibility of central war seriously is con- 
sidered to be destabilizing and in a 
sense provocative. For this reason, no 
counterforce capability is sought, and 
no special attempt is made to secure 
warning or obtain reconnaissance and 
surveillance information. A simple ex- 
ecute order is all that is required in 
terms of command and control and 
there are no general active or civil de- 
fenses. It is very important, however, 
that the retaliatory force be invulner- 
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Re-entry Deceleration and Path 
for 5500-Mile ICBM 


Source 

C Gazley, Heot Transfer 
Aspects of the Atmospheric 
Re-entry of Long-range 
Ballistic Missiles, RAND 
Report R-273 (August |, 1954) 
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able, implying defense of this force 
by concealment, hardening, active de- 
fense, etc., as required for credible 
deterrence. Hence, even in this strat- 
egy in which all would be risked on 
deterrence, certain kinds of defense 
of the military forces are important. 
These defenses do not have to be per- 
fect but only good enough to secure 
deterrence. 

At the other end of the scale are 
postures which still seek deterrence 
but in which the national attitude is 
one of grim realism. In spite of the 
best intentions central war may occur 
anyway through accident, miscalcula- 
tion, or catastrophic crisis. In_ this 
event, the U.S. would like to survive 
as nearly intact as possible and fight 
the war to a tolerable conclusion. In 
such postures all kinds of defense are 
important, since all elements of the 
national strength are designed for sur- 
vival. Deterrence is reinforced by pro- 
curing a wide spectrum of well-pro- 
tected offense weapons. Counterforce 
capability is sought as the war would 
not likely occur as a spasm but might 
be protracted over several days with a 
high value attaching to enemy forces 
destroyed before use. There is a 
strong effort in warning, reconnais- 
sance, surveillance, and command and 
control with systems designed to func- 
tion during and after the war. Military 
forces are separated from civilian tar- 
gets where possible to give the enemy 
at least the option of not attacking civil 
targets. Civil defense preparations for 
population survival, including meas- 
ures for strategic evacuation of cities, 
are undertaken. Bomber defenses are 
maintained and modernized and every 
effort is made to secure effective anti- 
missile defenses. 

The question of which kind of pos- 
ture the U.S. should have is controver- 
sial and not yet settled. Many people 


sincerely favor minimum deterrence, 
sometimes because they believe the 
other kind of posture is not feasible. 
Many technicians, including the au- 
thors, believe in war-fighting capabil- 
ities because they see so many ways in 
which an all-out war could start with 
neither side desiring it. This belief 
carries with it a recognition of the im- 
portance of active defense. 

Some of the reasons are as follows: 
(1) As time passes, the power and pre- 
cision of the attack which could be 
laid on this country is such that pas- 
sive military defenses would have 
great difficulty to protect the offense 
force; for example, we are interested 
in active defenses for hardened missile 
sites and key control points. Such 
defenses need not be perfect against 
attack, and are useful in peacetime 
since they increase the enemies’ force 
requirements. (2) People and prop- 
erty (e.g., cities) are easily destroyed 
and civil defenses alone cannot pro- 
vide the desired protection. (3) Pas- 
sive defenses can do little to alleviate 
the effects of an increasingly hostile en- 
vironment due to successfully delivered 
weapons. Therefore we are interested 
in active defenses to limit immediate 
and long-term damage, to make our 
civilian targets less attractive, and to 
improve the possibility for recupera- 
tion. These defenses, also, do not have 
to be perfect to be worthwhile. 


What Defense Will Work? 


While anti-missile defenses are 
worthwhile even if imperfect, the diffi- 
culty has been to find one which could 
be guaranteed to work at all. As dis- 
cussed later, the environment of a 
ballistic missile attack may be expected 
to contain in the simplest case a large 
number of objects which can be quite 
easily mistaken for an enemy warhead. 
With some effort, an attacker can pro- 
vide objects designed to look like war- 
heads and, at considerably greater 
cost to be sure, could also deliver ob- 
jects which are warheads or which are 
of the right size, shape and weight to 
qualify as warheads. In short, having 
solved his basic delivery problem, the 
enemy, if he has sufficient payload 
capacity, can design his attack so that 
his chances of penetrating the defense 
system are optimized merely by vary- 
ing payload design to contain the 
proper number and kind of objects. 
These objects can be delivered as a 
compact group, a diffuse cloud, a trail 
of objects several hundred miles long, 
or in whatever spacial and arrival se- 
quence desired. 

Generally speaking, schemes to at- 
tack such collections of ballistic ob- 
jects have seemed promising only for 
special cases of attack. Individual in- 
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terceptions seem necessary, and for this 
reason the problem of selecting the ob- 
jects to intercept (discrimination) has 
been of paramount importance to the 
defense designer. In judging the kinds 
of discrimination capability which 
would be most useful, we can adopt 
the following crude rules, more or less 
in descending order of desirability. 


Mass measurement—so that light ob- 
jects cannot serve as decoys (relative 
mass data is also useful). 

Size measurement—large objects are 

more likely to be dangerous than 

small ones. 

Shape measurement—very irregular 

objects are less likely to be war- 

heads. 

Ballistic parameter measurements 

(W/C,A)—which relate mass to 

shape and size are useful to deter- 

mine reasonable limits for warheads 
parameters. 

Ballistic-missile-defense discrimina- 
tion may be defined as the ability to 
classify the individual objects in a col- 
lection that exhibits the characteristics 
of a ballistic missile. The point along 
the -trajectory where this collection is 
first-observed, the total number of ob- 
jects in it, and the location of the de- 
fense will in general influence the 
method of classification. 

An object may be classified by its 
dynamic behavior, the radiations it 
emits or reflects, and its interaction 
with the surroundings through which 
it passes. This information will make 
it possible to separate the objects into 
categories of weight, shape, and char- 
acter. The character of a body is 
identified independently of apparent 
weight and shape—from data related 
to surface characteristics, for example. 
The categories of weight, shape, and 
character will enable the defense to 
identify the objects as nose cones or 
decoys. 

Let us review briefly discrimination 
techniques which are of present inter- 
est, and then some related technology. 

The dynamic behavior of an object 
leads to an obvious discrimination 
method, and it was the first to be in- 
vestigated. The dynamics that a body 
experiences during re-entry into the 
atmosphere are determined by its ve- 
locity variation with altitude. This 
velocity-altitude relationship has been 
shown to be a function of the ballistic 
parameter, W/CpA. Heavy, low- 
drag bodies (nose cones) decelerate 
at low levels, whereas light, high-drag 
objects (chaff) decelerate higher in the 
atmosphere. (See George Solomon’s 
article in the March 1959 Astronau- 
tics, page 20.) 

The graph on page 84 shows the 
deceleration of objects as a function 
of altitude with the ballistic coefficient 
as a parameter. It should be noted 
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that (1) the curves are similar, (2) 
deceleration occurs in a layer about 
50,000 ft thick, and (3) the ballistic 
parameter W/CpA increases loga- 
rithmically as the maximum decelera- 
tion altitude decreases linearly. This 
latter property makes it increasingly 
difficult, but not improbable or impos- 
sible, to lower the altitude of maximum 
deceleration. If range-time informa- 
tion is available, such a plot may be 
made for each object and fitted to a 
particular ballistic-coefficient curve. 
Eventually all the objects may be clas- 
sified in this way. If the area of an 
object is known from other considera- 
tions (the drag coefficient Cp is not a 


Kinetic-Energy Conversion 
in Re-entry 
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strong function of altitude or surface 
character but may be a strong func- 
tion of shape), then a mass classifica- 
tion is possible. It will be observed 
here that bodies whose ballistic coef- 
ficient (8 = W/C)A) is about 100 
will not be identifiable as such until 
they descend to altitudes of about 250,- 
000 ft. At this point the velocity of 
the object will be about 20,000 fps, 
which gives the defense roughly three 
minutes to indentify, launch an inter- 
ceptor, and kill at a reasonably high 
altitude. 

Each object in the collection will, 
of course, emit radiations throughout 
its entire flight trajectory. The spec- 
tral region in which strong emissions 
occur will depend upon the portion of 
the trajectory. Immediately after sep- 
aration and in mid-course flight, the 
objec: will emit primarily in the far- 


infrared part of the spectrum. As the 
object begins to enter the atmosphere, 
its kinetic energy is rapidly converted 
to thermal energy, which is distributed 
in the following modes: The surface of 
the vehicle is heated, perhaps to the 
sublimation temperature; the heat con- 
tent of the gas in the shock layer 
changes; and the surface and the 
shocked gas radiate energy into the 
surrounding atmosphere. The conver- 
sion of kinetic energy is a function of 
the dynamic behavior of the body. 
The graph at left shows this con- 
version as a function of the ballistic 
coefficient. Since the re-entry veloci- 
ties of the objects will generally be the 
same, the amount of energy that will 
be released as the object decelerates 
will, of course, depend on its mass. 
The altitude and rate of this release 
depend on the ballistic coefficient. 


Re-entry-Body Character 


Finally, the distribution of the en- 
ergy into the several modes is a func- 
tion of the body shape and size. Both 
the gas in the shock layer and the 
surface may radiate energy in the in- 
frared and visible regions of the spec- 
trum. The hot gas from the shock 
layer, together with ablative material 
from the surface, spews into the wake 
of the object so that the wake may 
also radiate in these regions. The 
careful measurement of the radiation 
emitted by each object can lead to 
estimates of the weight, shape, and 
surface characteristics of the object. 
The total radiant intensity will be a 
measure of the mass of the object; the 
spectral distribution of the energy will 
yield information on the apparent sur- 
face temperature and body shape; and, 
finally, spectral analyses will indicate 
the constituents present in the shock 
layer and the body surface. 

The use of reflected electromagnetic 
radiation in the wavelength region 
from UHF to X-band to track and 
identify objects has been a well-known 
technique for two decades. Radar is 
the most important element in present 
defense systems, and an enormous 
amount of effort has been expended 
on the development of more sophisti- 
cated radars with shorter pulse-widths, 
greater range, multiple-frequency ca- 
pability, ete. In addition to the usual 
range-time data, the radar echo as a 
function of time (or altitude) may be 
examined for absolute cross-section 
variation and scintillation frequency in 
an effort to obtain the “signature” of an 
object for some region of the trajectory. 
The signatures of objects may then be 
compared with one another and with 
previously obtained signatures to sort 
out those that are of interest to the de- 
fense. In general, signature informa- 
tion is useful only for identifying 
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How do you design cryogenic fuel power systems for space vehicles? Right 
now, Kidde is solving this problem for the Air Force. 


Step by step, stage by stage, Kidde is defining and analyzing all factors... 
from tankage to secondary power to environmental and reaction control 
requirements. The result will be the solution to integration of all of these 
sub-systems into the optimized cryogenic power system for space vehicles. 


Kidde’s advanced cryogenic capability can solve your problems in this field. 
Put Kidde to work for you. 
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ENGINEERS, DESIGNERS 
Grow and live in FLORIDA with Pratt & Whitney Aircraft 


PRATT & WHITNEY AIRCRAFT... the 
leader in liquid hydrogen rocket pro- 
pulsion ... has career openings at its 
Florida Research and Development 
Center where the advanced Centaur 
rocket engine program is being car- 
ried on. The Center also offers en- 
gineering opportunities in progressive, 
refined turbojet power plants. 

THESE STIMULATING projects are sup- 
ported by the very best tools —a 
complete on-site test complex, auto- 


matic data recording, full computer 
systems, the latest in instrumentation. 
WORK IN FLORIDA, where the living 
is easy. The West Palm Beach area 
and ocean front offer surf bathing, 
wonderful boating, fishing, golf and 
sunshine the whole year round. 

ADD to this the stability that goes with 
working for the company that has been 
foremost in flight propulsion for many 
years. It’s an opportunity combination 
worthy of your consideration. 


WRITE TODAY: Send your resume with salary requirements. Positions commen- 
surate with ability and experience. All replies will be held in strict confidence. 
Address James Morton, Technical Rep., Dept. F. 
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FLORIDA RESEARCH AND DEVELOPMENT CENTER 
DIVISION OF UNITED AIRCRAFT CORPORATION 
WEST PALM BEACH, FLORIDA 


If you have at least six years 
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ested in the areas listed be- 
low, please contact us. 
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shape, and not for mass determination. 

There are, in addition, a host of in- 
duced ionospheric effects as well as 
possibly emitted microwave radiations 
that could add unique inputs to the 
classification scheme. Some of these 
are particularly interesting because 
they are induced effects in which the 
energy deposition would be indicative 
of the mass of an object, as distinct 
from information that could be useful 
only with a priori assumptions of 
shape, ballistic coefficient, etc. 

The nature of the moving collection 
may roughly be predicted if an as- 
sumption is made concerning booster 
capability. It is not unreasonable to 
expect that an operational payload 
weight of 10,000 to 20,000 Ib will be 
achieved in the near future (the Saturn 
vehicle, with a 1,500,000-lb thrust, 
will have a payload-delivery capability 
greater than 25,000 Ib. The payload 
designer, then, has two choices: He 
may elect to surround the weapon with 
a series of objects whose behavior in 
the various stages of flight resembles 
that of the weapon in the different 
phenomena modes used by the discrim- 
ination sensors; or he may choose to 
design a very sophisticated weapon, a 
“non-detectable” nose cone. The lat- 
ter will not be discussed here, since it 
isa problem of detection and not dis- 
crimination. 


The collection of objects, then, con- 
sists of weapons and decoys. Assum- 
ing a weapon weight of a ton or so, 
the decoys can either be very numer- 
ous or very sophisticated, depending 
on whether one wishes to saturate or 
confuse the discrimination sensors. 
Since there is a weight limit, however, 
the increase in the number of decoys 
will result in a higher “unmasking” 
altitude, i.e., the altitude at which 
apparent differences occur in re-entry 
phenomena of decoy and weapon for 
the lower-weight, less-sophisticated de- 
Coys. 


Make-Up of Decoy Complex 


The decoy complex might be ex- 
pected to consist of light mid-course 
decoys, such as balloons and chaff; 
heavy re-entry decoys, such as darts, 
cones and rings; and booster tank frag- 
ments. It seems logical to explode the 
booster tank because it is available 
anyway and may be used as a crude 
attempt to saturate the defense system. 
The mid-course decoys will probably 
be balloons whose shape is similar to 
that of the weapon; however, these will 
not survive re-entry. Therefore, heavy 
cones or rings with a ballistic coeffi- 
cient W/C,A equal or close to that of 
the warhead are necessary, both to 
simulate dynamic behavior and_ to 
survive to low altitude. It can be 
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CREATIVE ENGINEERS 
and SCIENTISTS 


MATURE ENGINEERS or SCIEN- 
TISTS with a sound background of edu- 
cation and experience in Aerodynamics, 
Physics, Applied Mechanics, Stress Anal- 
ysis, Mathematics, Thermodynamics, Heat 
Transfer, Hydrodynamics, or Compressible 
Fluid Flow, are needed to staff newly 
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seen, then, that if a mid-course decoy 
weighs 5 Ib and a re-entry decoy 
weighs 100 lb, a typical collection 
could consist of one or two warheads, 
ten’s of re-entry decoys, and hundred’s 
of mid-course decoys. Such a threat 
package would probably include, in 
addition, radar frequency jammers 
and, at a later date, several multiple 
warheads. This is, in general terms, 
the kind of threat that might be ex- 
pected. 

The illustration on page 90 out- 
lines the trajectory of an ICBM, indi- 
cating the region of interest to the de- 
fense. It indicates the time advantage 
available if a discrimination technique 
could be achieved in this region. The 
time during which the object is in mid- 
course is about 20 minutes, so the 
defense may reckon in minutes for this 
phase, as compared to seconds for the 
re-entry phase. This advantage is 
countered by the disadvantages of 
long range and the low-energy output 
simulation of warheads in this regime. 
Since this portion of the trajectory is 
outside the sensible atmosphere, no 
drag or other re-entry-phenomena dis- 
crimination techniques may be used. 
Radar may be used to differentiate be- 
tween chaff and very small fragments, 
but a lightweight balloon could be 
used to simulate the shape of the nose 
cone exactly, with effectively no 
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and underwater application. 
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ideas, please reply in confidence to: 


Dr. Robert L. Schaefer 


ALLEGANY BALLISTICS LABORATORY 


HERCULES POWDER COMPANY 
Cumberland, Maryland 


Complete line includes tiny FX-6A illustrated (14,000 ep 
output, one billion flashes at 0.01 WS, repetition rate as 
high as 1,000 pps) . . . FX-1 which can be made to provide 
up to 50” are... FX-12 with 10-million cp/sq cm. peak 
brightness . . . and other special-purpose tubes for micros- 
copy, underwater work, ete. 

Stroboscope — A complete electronic control unit easily 
adaptable to any high speed shutter system. Min. flash 
duration 1.2 micro-seconds at rates up to 6,000 eps. 
Double-flash Light Source — Precision without com- 
plexity. A complete portable system for double exposure 
photography at accurately timed intervals. Readily adapta- 
ble for single-flash use. 

Mark VI Sensitometer — Ensures uniformity of re- 
peated exposures to within 5%. Flatness of light 2%. Light 
source closely approximates daylight. Minimal loss when 
corrected for tungsten. 


Gib 


EDGERTON, GERMESHAUSEN & 
GRIER, INC. 168 BROOKLINE AVE., BOSTON 15, MASS. 


October 1960 / Astronautics 89 


| 4 

| 


weight penalty. These balloons would 
be destroyed at a relatively high alti- 
tude, but their purpose—to make iden- 
tification of the warhead impossible 
until it had begun the re-entry phase 
(with the consequent reduction of the 
time constant )—would have been ac- 
complished. 

It has been pointed out that  bal- 
loons have a mass several orders of 
magnitude below that of the weapon. 
This implies a difference in the sur- 
face temperatures of these objects, be- 
cause the pc, products are different 
and the rates of cooling will be differ- 
ent. Since these temperatures are not 
particularly high (heating rate at 
ascent is one-hundredth that of re- 
entry heating), detectors in the far 
infrared should be employed. It might 
be observed that these temperature 
differences can be eliminated without 
great weight penalty to the offense. 

There are, in addition, a number of 
complex electromagnetic effects —in- 
duced in the ionosphere as a result of 
body-ionosphere interaction. In gen- 
eral, these effects will be useful for 
detection rather than for discrimina- 
tion. 


Discrimination Techniques 


The re-entry regime offers many 
possible discrimination — techniques, 
primarily because of the enormous en- 
ergy loss of an object as it decelerates 
within the atmosphere. The amount, 
as well as the mode and rate, of de- 
position of this energy will permit the 
defense to make some general classi- 
fications of weight and /or shape. 

The object, which is traveling about 
20,000 fps, will begin to experience 
the initial effects of the atmosphere at 
about 300,000 ft. As the body enters 
the continuum-flow region, a bow 
shock is formed, behind which a high- 
temperature compressed mass of air 
is present. This shocked gas may 
reach temperatures of several thousand 
degrees Kelvin and hence will consist 
of products of dissociation, electrons, 
and ions. The hot gas radiates into 
the atmosphere and to the surface of 
the re-entry vehicle. A wake is 
formed, also, which contains the prod- 
ucts of the ablating surface and shock- 
layer gas. As the body moves to lower 
altitudes, the surface heating rate 
drops radically and the effects men- 
tioned above are dissipated. 

The atmosphere provides a natural 
filter that separates the objects accord- 
ing to their ballistic coefficients. This 
becomes a very powerful tool when 
used in conjunction with some other 
methods that yield C,A_ estimates. 
Decoys whose ballistic coefficient 
matches that of the warhead exactly 
can certainly be imagined. The prob- 
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Typical ICBM Trajectory 


Apogee 900 m: 


Mid-course 


lem arises when an attempt is then 
made to simulate other phenomena. 

There are several ways in which 
radars may be employed to discrimi- 
nate. They provide, of course, the 
range-time information used in the 
ballistic-coefficient classification. Ra- 
dar will also give cross-section data, 
which could, as indicated previously, 
be used to obtain a signature. How- 
ever, the deposition of electrons in hot 
gas in the shock layer will result in a 
plasma which will react with the elec- 
tromagnetic waves from the radars. 
This will influence the apparent cross 
section of the body. If the illuminat- 
ing frequency is f;, the radar will be 
observing the body itself as it re-enters 
until an electron concentration builds 
up in the plasma sheath whose equiva- 
lent plasma frequency f, is equal to 
When f; <f,, the illuminating 
waves will be reflected from the sheath 
surface instead of the body. A typical 
re-entry body would have a stagnation- 
point plasma frequency of about 900 
me at 275,000 ft. This would in- 
crease, perhaps by an order of magni- 
tude or more, before 200,000 ft and 
then decrease. In the region where 
fp ~ fi, the electromagnetic waves 
react with the plasma and the radar 
return may be enhanced. 

The plasma formed in the shock 
layer expands into a wake, which may 
result in a trail having a length of 
many body diameters. Since the 
length and electron concentration of 
the wake are a function of energy 
deposition and hence of the mass of the 
body, a multiple-frequency of 
the wake length could provide a 
powerful discrimination technique. 

It appears reasonable that some of 
the lighter objects could be designed 
(with a W/C,A consistent with the 
warhead) to simulate some of the 
characteristics indicated above. As 
given by the graph at right, some 
measurements by Keys and Primich 
(Can. J. Physics, no. 37, 1959, p. 521) 
show cross section as a function of 
wavelength for two cones and a wire 
loop. These are shown as a simple 
example of cross-section simulation. 


There are other techniques, such as 
polarization sensitivity and cross-sec- 
tion aspect-angle variation, that could 
be employed for discrimination pur- 
poses. To counter these, however, the 
weapon may be camouflaged by coat- 
ing it with radar-absorbing material. 

The kinetic energy transformed dur- 
ing re-entry is a function of the mass 
of the body (velocities being similar), 
The formation of the shock layer gen- 
erates a hot gas and a heated surface 
which emit in the visual and infrared 
portion of the spectrum. Calculations 
indicate that the temperatures in the 
shock layer can reach 8000 K at about 
100,000 ft. The surface temperature 
will depend upon the nature of the 
ablation material. Measurement of 
the surface-radiation intensity as a 
function of altitude can be related to 
W/C,A.  Radiation-intensity curves 
could be obtained for several spectral 
regions of observation. These regions 
could then be combined to determine 
a color temperature. The radiation 
rates of the surface and in the hot gas 
are also different, and the simultaneous 
variation of these rates may be used 
as a classification technique. Just as 
in the case of atmospheric filtering, this 
technique becomes more powerful as 
the unmasking altitude is reduced. 
The energy required to simulate the 
nose cone must come from the mass 
of the decoy, and this is of course 
limited except for the multiple war- 
head. 


Nose-On Radar Cross Section 
of Right-Circular Metal Cones 
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The wake will contain radiating 
species and, although the radiant in- 
tensity is far less than in the shock 
layer, the wake radiation is not neg- 
ligible because of the enormous wake 
volume. §S. Feldman of Avco has cal- 
culated that, for a sphere with a nose 
radius of 100 cm at 100,000 ft and a 
velocity of 25,000 fps, the total ther- 
mal radiation emitted by a laminar 
wake is about 10° watts. The optical 
radiation is less by an order of magni- 
tude, and the nose-cap radiation is ap- 
proximately four orders of magnitude 
lower. These ratios will change with 
altitude and velocity, but they are 
quoted here as an example of re-entry 
radiation characteristics. 


No Panacea for Discrimination 


It has been stated previously that no 
one method is sufficient to discriminate 
the objects exactly. The most impor- 
tant index is mass. This is based on 
economic considerations; every pound 
of payload has a constant delivery cost 
regardless of its destructive ability. 
The purpose of a decoy is simply to 
aid penetration. Economic considera- 
tions require that decoys achieve their 
purpose without imposing a severe 
weight penalty on the offense. The 
“perfect” decoy (in the sense of phe- 
nomena simulation) is an exact rep- 
lica of the nose cone. On the other 
hand, balloons or chaff, which are very 
light, only simulate a particular phe- 
nomenon over a portion of the tra- 
jectory. The optimum decoy will be 
somewhere between these two ex- 
tremes. 

Time is the other important factor. 
It would be possible to let atmospheric 
filtration, together with radar-echo in- 
formation, classify the objects. How- 
ever, it might then be too late for the 
information to be useful. It is advan- 
tageous for discrimination to be not 
only early but versatile. As the num- 
ber of required phenomena that the 
decoy must simulate increases, the de- 
coy must become more sophisticated 
and heavier. The altitude at which 
light decoys fail to simulate the same 
phenomena properly is higher, with a 
corresponding increase in the reaction 
time available to the defense. 

The problems of data transmission 
and coordination for integrated dis- 
crimination systems are complex, par- 
ticularly if some of the sensors are 
airborne. The optimum discrimina- 
tion system will obviously comprise 
those methods that will yield the most 
information at a point when the avail- 
able time is still reasonable. 

We have discussed some of the 
problems of ballistic-missile defense ex- 
plicitly, but have necessarily left much 
of the over-all difficulty implied. It is 


hoped that some remarks bearing on 
particular system possibilities will be 
helpful in this regard. 

The conditions of attack, during 
midcourse and re-entry, as we have 
seen, imply that defense systems re- 
quire instruments of unparalleled sen- 
sitivity and precision if significant dis- 
crimination is to be achieved. Fur- 
ther, even in such a case, the attacker 
can require the system to have a very 
high rate of fire and the capacity to en- 
gage a large number of objects. The 
root of the trouble is that such systems 
are exceedingly expensive and the cost 
per interception is high. The defense 
designer is disturbed to be in a situa- 
tion where it costs the enemy signifi- 
cantly less to deliver an object than it 
costs the defense to intercept it. 

Certain elements of the military 
forces may be hardened to withstand 
some tens to hundreds of psi over- 
pressure. This means that even high- 
yield thermonuclear weapons must 
detonate quite close to cause destruc- 
tion (e.g., for 100-psi, 10 megaton 
within about 8000 ft; 1 megaton within 
4000 ft). It is apparent that systems 
defending such points can risk inter- 
ception at quite low altitudes. Fur- 
ther, the range of the defensive 
weapons need not be great and certain 
performance requirements are mini- 
mized. With increasing payload ca- 
pability and decreasing delivery error, 
hardening becomes technically less 
feasible and rapidly more costly. In 
this case, active defense may be de- 
sirable if the cost of interception can 
be made comparable with the over-all 
cost of delivery. It seems likely that 
the interception system which meets 
this criterion will employ chiefly non- 
nuclear interceptors. 

Cities are much the most vulnerable 
concentrations of wealth, being large, 
easily targetable, and very soft. On 
the other hand, much of the attractive- 
ness of cities as targets is their unde- 
fended state. In a central war begin- 
ning with a massive enemy strike, our 
retaliatory and offensive forces must be 
expected to draw the major enemy 
effort. If city attack can be made 
more difficult in any degree, it should 
represent a considerable increase in 
safety. 

The defense cannot risk nuclear in- 
terception at very low altitudes for un- 
certainty of its own effects and fear of 
triggering enemy weapons. If non- 
nuclear interception, in the sense of 
the hardened-point defense, can be 
made to work, there is some point to 
considering it for city defense even if 
the maximum useful altitude is quite 
low. There is a considerable differ- 
ence between the effects of a 1-mega- 
ton bomb at 25,000 ft and a surface 
burst. In more general terms, if an 
anti-missile system can be built which 


has some chance of working and is eco- 
nomically feasible, it should be con- 
sidered for city defense even if some 
damage is likely to result during an 
attack. 

The kinds of defenses discussed have 
been classical and relate to protection 
of points or limited areas. They face 
the situation where the enemy has suc- 
cessfully launched an attack which, 
barring malfunction or interfereace 
(active defense), must result in con- 
siderable devastation. It would be 
most desirable to prevent any such de- 
vastation. In this connection, defense 
designers have, rather wistfully, many 
times pointed out the vulnerability of 
the ballistic missile during its short 
launching phase. Here it is most 
easily detected, may represent a locally 
unique event, and is most easily dam- 
aged. Unfortunately, this phase is 
generally accessible only to satellites 
which operate under laws that keep 
the majority away from the target area. 
However, if some means could be 
worked out to intercept ballistic mis- 
siles from satellites, means which look 
generally feasible, it would offer great 
possibilities for defense. 

In other papers in this issue of 
Astronautics, some of the details per- 
tinent to active ballistic-missile defense 
have been given. In this paper, the 
authors have tried to convey a notion 
of the complexity of the problem by 
drawing a kind of silhouette. They 
feel that after this beginning of an 
entire issue devoted to missile defense 
it will be important to have much more 
public discussion of this problem. ¢ 


Minuteman Re-entry 
Vehicle Unveiled 


Engineers of Avco’s Research and 
Advanced Development Div. examine 
the Mark 5 re-entry vehicle for 
Minuteman in the first close-up view 
of it made public. Avco-Lycoming 
will produce the Mark 5 for the Air 
Force. 
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Environmental Chambers 


Low-High Temp. Test Chamber. Interior is 14 
in. sq.; uses liquid carbon dioxide; range of 
—100 to 350 F; interior stainless steel. Asso- 
ciated Testing Laboratories, Caldwell, N.J. 


Vacuum Furnace. Resistance-type high-tem- 
perature unit for sintering, brazing, bright- 
annealing and melting at vacuum pressures of 0.1 
to 0.05 micron Hg, at temperatures up to 4532 
F; power, 5 kw. Richard D. Brew and Co., 
Inc., Concord, N.H. 


Portable Chamber. Internal test volume, 19! 
by 11 by 15 in.; handles 19-in. standard rack; 
high degree of temp. stability through use of 
thermocouple meter-relay; automatically 
cycles between —100 and 500 F in less than 5 
min. Delta Design, Inc., La Jolla, Calif. 


Controlled-Temp. Cabinet. Model L has 20-in. 
daylight opening; specimens inserted in grips can 
be checked in tension, compression and shear; 
range from ambient to 400 F.  W. D. Dillon & 
Co., Inc., Van Nuys, Calif. 


Lead Pot and Furnace. Fully insulated one- 
piece unit in 3 sizes—25, 45 and 75 Ib capacities 
with range from 600 to 1000 F.; noiseless; uses 
small current. Maurice Fetterman Co., New 
York, N.Y. 

Heat-Treating Furnace. Automatic high-vacuum, 
cold-wall type with work space 26 by 26 by 24 
in.; for hardening, tempering, drawing and an- 
nealing refractory metals and stainless and spe- 
cial alloy steels, Ipsen Industries, Inc., Rockford, 
Ill. 


Test Rooms. Walk-in rooms with two temp. 
ranges—ambient to 140 F. and zero to 140 F.; 
accuracy maintained within +1 F; inside work- 
ing height, 7 ft.; 12-in.-sq. viewing window. 
Labline, Inc., Chicago, III. 


Vacuum Oven. Range from ambient to 500 F 
within an 11 in. diam. by 12 in. deep stainless- 
steel chamber; cabinet of heavy gage steel; 
central control panel.  Labline, Inc., Chicago, 


Ill. 


Electric Furnace. Wide range of temperatures 
for heat treating, drawing, glass annealing; with 
fans removed, temp. can be controlled from 300 
to 2300 F; with forced-convection fan, 150 to 
1875 F. L&L Mfg. Co., Upland, Pa. 


Test Chamber. For use with vibration exciter in 
combined testing; portable; adjustable in height 
to accommodate vibration shakers; heating to 
1000 F in 45 min. Missimers, Inc., Glendale, 
Calif. 


Electron-Beam Furnace. Capable of melting, 
alloying and refining up to 50 Ib of tantalum 
ingot and proportional weights of other reactive 
and refractory metals. NRC Equipment Corp.. 
Newton, Mass. 


Constant-Temp. Cabinets. For storage and pro- 


tection of heat-sensitive missile components; 
safety alarm circuits and special loading sys- 
Precision Scientific Co., 


tems; various sizes. 


Chicago, Ill. 


Additional information about 
any of the products, equip- 
ment, processes, materials 
and literature listed on these 
pages may be obtained by 
writing to the New Products 
Department, ASTRONAUTICS, 
500 Fifth Avenue, New York 
36, Y. 


Temp-Shock Chambers. Self-contained unit; 
switching from hot to cold in a temp. range of 
—85 to 425 F takes 10 sec.; recovery time to 
set point takes 20 min; 5 ft wide, 7 ft high, and 
8 ft deep. Tenney Engineering, Inc., Union, N.J. 


Temp. Vibration Chambers. Series TE-100 for 
missile and aircraft components: high-low temp. 
environments in conjunction with vibration in all 
three axes; entire side hinged for access. Wyle 
Mfg. Corp., El Segundo, Calif. 


Instruments 


Hygrometer. Xerometer responds only to water, 
reading relative moisture content from dry to 
soaking wet; for gases, liquids and solids. Ad- 
vanced Instruments Corp., Richmond, Calif. 


Pyrometers. Several types for temp. over 3000 
F.; uses no thermocouples; for research and 
lab applications; accessories permit other appli- 
cations, such as gas temp. below 3000 F. At- 
lantic Pyrometers, Inc., Hawthorne, N.J. 


C.G. Locator. Positions c.g. of test specimen 
and fixture axially along center of force of a 
vibration exciter within 10 gram.-in.; capacity 
50 lb in model shown; for hydraulic, pneumatic, 
and environmental applications. (Illustrated. ) 
Auto-Control Laboratories, Englewood, Calif. 


Surfindicator Adapter. Accessory for instrument 
used to measure surface finish; measures surface 
roughness of the bottoms of holes, slots, counter 
bores and any area below surface level. Brush 
Instruments, Cleveland, Ohio. 


Electrobalance. Weighs all sizes of millipore 
filters, for gravimetric determination of particu- 
late contamination in air, rocket fuel, hydaulic 
fluid and other gases and liquids. Cahn Instru- 
ment Co., Paramount, Calif. 


Magnetometer. Portable; measures declination, 
inclination, and total field intensity of earth’s 
magnetic field; complete observations made in 
15 min. Canadian Applied Research, Ltd., 
Toronto, Canada. 


Sensing Tubes. Increased versatility and adapt- 
ability of Autovac gage; one tube, of Pyrex glass, 
withstands 400 F when evacuated; another tube 
is of stainless steel, and the third is lead-glass. 


CG Locator 
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LP Scale 


Calibrating Jack 


6 lidated Vacuum Corp., Rochester, N.Y. 


LP Scale. Model 176-A weighs liquid propel- 
lant stored in tanks and determines a weight vs, 
time flow relationship for calibration of flow- 
meter transducers. (Illustrated.) Gilmore In. 
dustries, Inc., Cleveland, Ohio. 


Dynamic Balancer. Determines unbalance vibra- 
tions in gyros used in missiles; stand weighs 28 
Ib, amplifier 37 lb; power 110 to 130 v, 50-60 
cy AC, 95 watts; balancing speed, 8000 to 
60,000 rpm. Micro Balancing, Inc., Garden 
City Park, N.Y. 

Thickness Measure. Transistorized battery- 
operated ultrasonic instrument measures wall 
thicknesses between 0.025 and 2.50 in.; gives 
instantaneous reading by placing transducer on 
surface and turning dial. Magnaflux Corp., Chi- 
cago, Ill. 


Calibrating Jack. Used with instruments such 
as proving rings in calibrating load-sensing de- 
vices, thrust stands, weighting systems, and 
other force-measuring equipment. (Illustrated. ) 
Morehouse Machines Co., York, Pa. 


Airborne Frequency Standard. Compact unit 
weighs 65 lb; volume less than 1.5 cu ft; may 
be used as general-purpose frequency standard, 
National Co., Inc., Malden, Mass. 


Magnetron Gauge. Ultra-high-vacuum, cold- 
cathode ionization gauge and transistorized 
gauge control indicates pressures down to the 
10 14 mm Hg for research in solid-state physics, 
metallurgy, and thermo-nuclear power. NRC 
Equipment Corp., Newton, Mass. 


Infrared Calibration System. Used to calibrate 
sources up to 12 in. in diam. and 50 Ib in wt; 
tests sources having apertures from 0.0087 to 
0.5 in. diam; basic system provided by Model 
PE 537-1 infrared source comparitor. Perkin- 
Elmer Corp., Norwalk, Conn. 


Contour Measure. Direct reading; checks con- 
tour dimensional accuracy to 0.001 or 0.0001 in. 
on machined, cast, or forged parts; also checks 
thickness. (Illustrated.) TurboTronics Corp., 
Cleveland, Ohio. 


Materials Research 


Fatigue Tester. Provides for static or dynamic 
testing on selective basis; static and dynamic 
units may be used directly on large or complex 
structures. Budd Company, Instruments Div., 
Philadelphia, Pa. 


Dynatest. For advanced cycling or fatigue test- 
ing of specimens or structures under compression 
and tension and elevated temp.; cycling up to 20 
cps; heating rate 200 F per sec. CompuDyne 
Corp., Hatboro, Pa. 


Mass Spectrometer. Analyzes metals and other 
solids; gives quantitative measurements of criti- 
cal trace impurities; analyses of gases and 
liquids; structural studies of high-molecular- 
weight materials. Consolidated Electrodynamics 
Corp., Pasadena, Calif. 
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S The Library of Science 


invites you 
to choose any three 


scientific works 
at only $1 each 


An expanding world of knowledge, presented by leading scientific discoverers and thinkers 


PROBABILITY THEORY 
AND ITS APPLICATIONS, 
by William Feller. 

List Price $10.75 


LOGIC MACHINES AND 
DIAGRAMS, by Martin 
Gardner. LisT PrIcE $5.00 


MATHEMATICS AND THE 
PHYSICAL WORLD, by 
Morris Kline. 

List Price $6.00 


FALLOUT: 

a study of superbombs, 

strontium 90 and sur- 

vival, ed. by J. M. Fowler. 
List PRICE $5.50 


SIR JAMES G. FRAZER’S 
NEW GOLDEN BOUGH. 
One-volume abridgment, 
ed. by Theodor H. Gaster. 

LisT PRICE $8.50 


THE LOGIC OF SCIENTIFIC 
DISCOVERY, by Karl R. 
Popper. List PRIcE $7.50 


ELECTRONS, WAVES AND 
MESSAGES, by John R. 
Pierce. List PRICE $5.00 


— 36 fine volumes currently available to members 


FOSSIL MEN, by Marcellin 
Boule and Henri V. Vallois. 
LisT PRICE $9.50 


EVOLUTION OF GENETIC 
SYSTEMS, by C. D. Darl- 
ington. List PRICE $5.50 


MATTER, EARTH AND 
SKY, by George Gamow. 
LisT Price $10.00 


A STUDY OF THINKING, 
by Jerome S. Bruner. 
LisT Price $6.00 


terms. 


MATHEMATICS DICTIONARY, by 
Glenn and Robert C. James. Definitions 
of over 7,000 mathematical terms, con- 
cepts and relationships, with 423 in- 
tegral tables, over 400 mathematical 
symbols, differentiation formulas, and 
a 72-page four-language index of basic 


List Price $15.00 


ANIMAL BEHAVIOR, by 
John Paul Scott. 
List Price $5.00 


GEORGE SARTON’S sec- 
ond volume of A History 
of Science. The last 3 cen- 
turies B.C. 

LisT Price $11.00 


ELECTRONIC DATA PROC- 
ESSING, by Roger Nett and 
Stanley A. Hetzler. 

LIsT PRICE $6.75 


STRANGE WORLD OF THE 
MOON, by V. A. Firsoff. 
List Price $6.00 


RIVERS IN THE DESERT, 
by Nelson Glueck. Archeo- 
logical explorations in the 
Negev. List PRICE $6.50 


VIRUS HUNTERS, by Greer 
Williams. List PRICE $5.95 


SPEECH AND BRAIN- 
MECHANISMS, by Wilder 
Penfield and Lamar Roberts. 

LisT PRICE $6.00 


THEORIES OF LEARNING, 
by Ernest A. Hilgard. 
LisT Price $5.50 


THE EARTH AND 
MOSPHERE, ed. by D 
Bates. LisT PRICE $6. 06 


| Coes THE SERIOUS, the important and 
the enduring in scientific literature, 
readers interested in keeping up with 
contemporary developments have 
turned in increasing numbers to The 
Library of Science. Now in its fifth 
year, The Library of Science counts 
as members over 50,000 scientists, 
educators and related professionals. 
The thirty-six works listed here 
exemplify the depth, scope and qual- 
ity of the volumes offered each month 
at substantial savings to members of 
The Library of Science. From arche- 
ology to zoology, from the behavior 
of the electron to the functioning of 


The Library of Science, 


TOWARDS A UNIFIED 
COSMOLOGY, by Reginald 
O. Kapp. List PRIcE $6.50 


CONCEPTS OF SPACE and 
CONCEPTS OF FORCE. Two 
volumes by Max Jammer. 

LisT PRICE $9.25 


the living cell, from the inner struc- 
ture of the earth to the limitless 
reaches of space—Library of Science 
Selections range over the entire uni- 
verse of scientific knowledge. 

To start your membership, choose 
any three of these fine books at only 
$1.00 each. Thereafter, as a member, 
you need take as few as four more 
Selections during the next 12 months 
from the more than 75 available to 
you at reduced Member’s Prices. 
These, together with the free Bonus 
Books which you yourself choose 
after every fourth Selection, insure 
you savings that total over 40%. 


59 FOURTH AVENUE, NEW YORK 3, N. Y. 


WILLY LEY: Rockets, Mis- 
siles and Space Travel. 
3rd revised edition. 

List PRIcE $6.75 


FRONTIERS IN SCIENCE, 
ed. by Edw. Hutchings, Jr. 
Contributions by Pauling, 
Oppenheimer, Hoyle, 
Beadle. List Price $6.00 


SIGMUND FREUD: The In- 
terpretation of Dreams. 
The only complete English 
translation. 

List Price $7.50 


CHARLES DARWIN: Life 
and Letters. Two volumes, 
boxed, edited by his son, 
Francis Darwin 


List PRICE $10.00 


GAMES AND DECISIONS: 
An Introduction to Game 
Theory, by R. Duncan Luce 
and Howard Raiffa. 

LisT PRICE $8.75 


SCIENTIFIC EXPLANA- 
TION, by R. B. Braithwaite. 
The basis of scientific rea- 
soning. Price $8.50 


THE TREE OF CULTURE, by 
Ralph Linton, 
List Price $7.50 


SCIENTIFIC AMERICAN 
BOOKS, Second Series. 
Five paperbound volumes, 
boxed, by the editors of 
the Scientific American. 
List PRIcE $7.25 


SCIENTISTS’ CHOICE, ed. 
by Franklyn M. Branley. 
Portfolio of spectacular 
scientific photographs with 
commentary by 14 leading 
scientists. List PRIcE $4.95 


A SHORT HISTORY OF 
SCIENTIFIC IDEAS, by Chas. 
Singer. List Price $8.00 


THEORIES OF THE UNI- 
VERSE, by Milton K. 
Munitz. From primitive 
myth to modern astronomy, 
physics and mathematics. 

List Price $6.50 


CAN MAN BE MODIFIED? 
and INSIDE THE LIVING 
CELL. Two volumes. By 
Jean Rostand & J. A. V. 
Butler respectively. 

List Price $6.50 


EDUCATION IN THE AGE 
OF SCIENCE, ed. by Brand 
Blanshard. Sidney Hook, 
Margaret Mead, George N. 
Shuster, Warren Weaver, 
David Riesman, others. 
LisT Price $4.50 


Up to $36.75 worth of books for only $3.00 
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Centrifuge. Drift less than 1 part per million 
per week; range from 0.5 to 2.0 g (25 to 180 
rpm); angular velocity of arm variable in 10 
discrete steps. Genisco, Inc., Los Angeles, Calif. 


Induction Heater. Water-cooled, 50-kw-output, 
10,000-cycle motor generator set; generator field 
supply; topped autotransformer for 8 steps. In- 
duction Heating Corp., Brooklyn, N.Y. 


Universal Tester. Measures tensile, flexural and 
compressive properties of materials at rates of 
loading fom 0.2 to 8000 in/min; stress-strain 
curves obtained via oscilloscope-camera.  Plas- 
Tech Equipment Corp., Natick, Mass. 


Structures and Materials 


Contoured Metal Honeycomb. Skin and cell 
walls can be as thin as 0.0005 in.; cell wall 
thickness compatible with skin thickness of 1/16 
in.; may be made with load-bearing inserts. 
( Illustrated. ) Allied Research Engineering 
Div., Los Angeles, Calif. 


Polyolefin Tubing. Flame retardant and_ther- 
mally stable; can be slipped over terminals, con- 
ductors, wire, cable, conduit and hose; heat- 
shrinks diameter to form strong mechanical bond. 


Anaconda Wire & Cable Co., New York, N.Y. 


Sintered Metal. Filter elements of sintered 
bronze for particle separation from 7 to 300 
microns; also for flame arresting, diffusing, and 
sound deadening. Arrow Sintered Products Co., 
Chicago, Ill. 


Plasma-Spray Nozzles 
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Plastic Foam Mix. Foams are one-shot type, 
mixed and foamed on the spot; react with liquid 
isocyonate within 15 sec; expand to desired foam 
within 30 sec. Atlantic Research Corp., Alex- 
andria, Va. 


Plastic Laminates. Flexible, thin, reinforced; 
with imbedded electric heater elements; for 
various watt densities; sheets available in sizes 
36 by 48 in.; thicknesses from 0.020. in.  Bis- 
choff Chemical Corp., Riverside Plastics Div., 
Hicksville, N.Y. 

Polyglas — Structure. Large-diameter  resin- 
bonded, filament-wound, glass-fiber rocket motor 
chambers, nose cone assemblies and nozzle struc- 
tures made with Polyglas produced by combining 
glass fiber roving and thermo-setting resins. (Tl- 
lustrated. ) Block, Sivalls & Bryson, Inc., 
Kansas City, Mo. 


Fuel Cells. New material containing Teflon 
used to manufacture clear, seamless fuel cell 
bladders; withstands up to 450 F and expells 
highly reactive liquid storeables. Chemgineers, 
Inc., Los Angeles, Calif. 


Glass. Electrostatic shields for windows and 
transparent partitions that drain off electro- 
magnetic interference; coated panel transmits 70 
per cent of visible light. Corning Glass Works, 
Corning, N.Y. 


Chrystalline Fiber. Useful to 2200 F; low heat 
conductivity; low density; protects space hard- 
ware for brief periods. E. I. Du Pont de 
Nemours & Co., Wilmington, Del. 


Coating Material. Dyna-Therm 65, lightweight 
flexible product capable of withstanding heat 
generated in missile firings; effective up to 
6000 F. Dyna-Therm Chemical Corp., Culver 
City, Calif. 


Elastomeric Compound. For seals, o-rings, and 
packings for instruments and systems containing 
fluorocarbon fluids and lubricants and helium 
gas. Fargo Rubber Corp., Los Angeles, Calif. 


Spray Coating. Plasma Coating and_fabrica- 
tion proccss deposits many materials on metal, 
ceramics, and plastics; refractory metals form a 
coat bonded firmly both chemically and me- 
chanically. Harper-Leader, Inc., Waterbury, 
Conn. 


Metal-Alloy Coating. Protects static metal seals 
where liquid gases are used; can be applied 
to corrosion-resistant steel, aluminum and _ other 
metals. Harrison Mfg. Co., Burbank, Calif. 


Sealing Compound. For applications on jet 
aircraft; resists ozone, oxidation, weathering, 
flame, and corrosive acids under severe operat- 
ing conditions. Haveg Industries, Inc., Taunton, 
Mass. 


Synthetic Elastomer. Can be extruded or cus- 
tom-molded; excellent physical properties; resists 


oil and high temp.; approved under MIL 
25897C. Haveg Industries, Inc., Taunton, 
Mass. 


Cements. Astroceram A and B withstand tem- 
peratures of 4300 and 5000 F; may be used as 
surface coat for solid-state devices, ceramic tube 
seals, and thermocouple and high-temp. s 
Instrumentation Associates, New York, N.Y. 


Asbestor Plastic-Felt. Moulding compound com- 
posed of a non-woven felt saturated with thermo- 
setting phenolic resin and inorganic filler; in 
sheet form. Johns-Manville, New York, N.Y. 


Damping Material. Reduces structural response 
to “‘white” noise; controls resonant response of 
structures exposed to high-frequency vibration; 
elastomer maintains damping characteristics over 
wide range. Lord Mfg. Co., Erie, Pa. 


High-Alumina Ceramics. For printed circuits 
in high-temperature applications; sizes up to 
18 sq. in.; can be subjected to 1800 F and 
withstand humidity and corrosive environment. 
Miltronics Inc., Hillside, N.J. 


Adhesive. Thermosetting film provides uniform 
thickness, controlled confinement of adhesive to 
bonding area, and simple application procedures. 
Minnesota Mining and Mfg. Co., St. Paul, Minn. 


Insulating Coatings. Insulation and _ circuitry 
may be applied to geometric shapes to meet 
individual specs; applied to metal surfaces, 
thicknesses are held to +0.002 in. J. Frank 
Motson Co., Flourtown, Pa. 


Steel Wire. For rocket cases; tensile strength 
575,000 lb. sq. in.; combines with plastics to 


Woven-Node Core 


form rocket cases and for high-pressure con- 
tainers. National-Standard Co., Niles, Mich. 


Pierced Sheet. Metal; Screens chemical solu- 
tions and solid-bearing liquids passing through 
gravity or centrifugal separators; hole diameters, 
0.004 to 0.099 in.; thicknesses, 0.014 to 0.079 
in. (Illustrated.) National-Standard Co., Car- 
bondale, Pa. 


Silicon Carbide. Crystolon 63 refractories have 
high thermal conductivity, good heat-shock pro- 
perties, and resistance to most corrosive liquids; 
grain shows little deterioration upon exposure 
to many molten metals. Norton Co., Refractories 
Div., Worcester, Mass. 


Nylon Castings. Process uses higher viscosity 
nylon with practically no limitation on cast-in 
inserts, threads, lugs, intricate shapes or varying 
thicknesses. Nylon Molded Products, Inc., Gar- 
rettsville, Ohio 


Porous Silver. Porosity grades from nominal 
2 microns to nominal 55 microns, based 28 
percent removal of all particles larger than 
nominal rating; sheet sizes 6 by 9 in.; thickness 
1/32 to 1 in. Pall Corp., Micro Metallic Div., 
Glen Cove, N.Y. 


Thermoplastic Resin. Polyvinylidene fluoride 
resin has high resistance to heat, light and 
chemicals; for use in production of pipes, tub- 
ings, seals, gaskets, packings; contains over 
59 per cent fluorine by wt. Pennsalt Chemi- 
cals Corp., Philadelphia, Pa. 


Plasma-Spray Nozzles. In production of rocket 
nozzles with throat dimensions of close toler- 
ances, deposit conforms to profile of mandrel 
with extreme precision; technique can be ap- 
plied to many other components where special 
coatings are required. (TIllustrated.) Plasmy- 
dyne Corp., Santa Ana, Calif. 


Coated Wire and Strip. Flexible aluminum- 
oxide-insulated strip good to 1100 F, and in 
some forms to 1900 F; available in all gages 
and sizes; melting point, 3800 F. Permaluster, 
Inc., Burbank, Calif. 


Porous Nylon. Oil filled parts formed by cold 
pressing and sintering nylon powders by tech- 
niques similar to those used in powder metal- 
lurgy; hold oil under extremes of pressure, 
temp. and acceleration. The Polymer Corp., 
Reading, Pa. 


Woven-Node Core (Hitcomb). For structural 
applications in space capsules and heat shields; 
fiber-glass core exceeds requirements of MIL-C- 
8073A; nearly isotropic shear properties. ( Illus- 
trated.) H. I. Thompson Fiber Glass Co., Los 
Angeles, Calif. 


Transducers 


Accelerometer. Model 408 is a transducer with 
a sensitivity of 100 pk-mv/pk-g designed for 
low-level measurements and _ vibration studies; 
wt, 23.5 grams. bia R h Labora- 
tories, Woodbyne, Pa. 


Miniature Accelerometer. Model 502, a minia- 
ture pick-up of stainless steel with a sensitivity 
of 30 pk-mv/pk-g; frequency response, 2 cps 
to 6 ke. Columbia Research Laboratories, 
Woodbyne, Pa. 


High-Temperature Pressure. Measures up to 
15,000 psi and weighs less than 1/4 Ib; various 
resistance values; measures gage, absolute or 
differential pressures. Colvin Laboratories, Inc., 
E. Orange, N.J. 


Pot Pressure. Type 4-383 withstands up to 35 g 
at 2000 cps; hermetically sealed fail-safe case 
withstands 2500 psi; various pressure ranges 
available. Consolidated Electrodynamics Corp., 
Pasadena, Calif. 4 
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GRUMMAN IS 
\ Wal New 
OUT OF BUSINESS! 
by Clovis Chittenden, noted science illustrator 
F For years I’ve been drawing illustrations of outer 
space stuff . . . satellites, moon-landing craft and 
3 Pe all that jazz. But now Grumman is killing me. 
7 og , Few weeks ago I visited the Grumman plants, 
- to look over some of their projects. 
‘in Man, nothing is too far out for Grumman to be in. 
<i They’ve got actual models of orbiting observatories 
that make my drawings look like kid stuff. 
4 They showed me plans for unmanned scientific 
. satellites, manned space craft and re-entry vehicles 
a that put my work to shame... and 
theirs are on the drawing boards. 
' Honestly, with Grumman around it’s getting so a 
science fiction illustrator can’t make a living. 
e e 
Commercial: True, Grumman does have advanced 
ideas, but more important . . . advanced ideas grow 
; into reality at 
AIRCRAFT ENGINEERING CORPORATION 
‘tivity : Bethpage - Long Island - New York 
2 cps 


Discoverer and XIV 
Make Re-entry History 


COU GAS STORAGE TANK 


RECOVERY CAPSULE EXPLOSIVE BOLT 


ABLATING 
RE-ENTRY SHIELD 


RECOVERY 
PARACHUTE & CHAFF 


PARACHUTE COVER 
EXPLOSIVE PISTONS 

FLASHING LIGHT 
\asrensooy cover 


INSTRUMENTATION PACKAGE 


REORIENTATION 
oreit — 
CAPSULE SEPARATION _PREENTRY 
CAPSULE TELEMETRY NZ PARACHUTE 


Top, the capsule of the 13th vehicle 
launched in the Air Force’s Discoverer 
Project—the first object to be re- 
turned intact from an earth orbit—is 
examined by engineers of GE’s Missile 
and Space Vehicle Dept., which de- 
signed and built the re-entry and re- 
covery vehicle. Next, a cutaway of the 
capsule and a diagram of its re-entry 
and recovery sequence. _Discov- 
erer XIV, launched on Aug. 18, one 
week after Discoverer XIII, delivered 
a capsule which was snared in mid- 
air off Hawaii by an Air Force C-119, 
as depicted in the bottom sketch. The 
well-known Lockheed Agena satellite 
was carrier for capsules 


Automatic Vehicle Checkout 


An engineering team at Frankford 
Arsenal has developed an automatic 
diagnostic checkout system applicable 
to virtually any vehicle, military or 
commercial. Derived from work on 
a system for missiles, it employs a 
Librascope 500 on-line control com- 
puter modified for magnetic-tape input 
at seventy-five 31-bit data words/sec. 
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